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THE EFFECTS OF EXPERIMENTALLY CONTROLLED 
EXPERIENCE UPON RECOGNITION RESPONSES’ 


ARNOLD BINDER anp SOLOMON E. FELDMAN 


Indiana University 


HE report presented in this monograph 
*} represents the accumulated evidence 
from the first four years of a continuing 
project of research in recognition. The em- 
phasis in the series of experiments reported 
herein has been upon the effects of varia- 
tions in the conditions of perceptual learn- 
ing on the responses of recognition to 
ambiguous cues. In one or more of these ex- 
periments the learning factors of frequency, 
selective attention, reward, and punishment 
have been investigated in terms of their 
relationships to perceptual responding. The 
ambiguous cues to which the perceptual 
responses were made consisted of parts of 
the stimuli seen in previous learning trials. 

There has been a good deal of interest in 
recent years in finding the relationship be- 
tween certain aspects of past experience and 
various phenomena which are clearly per- 
ceptual or which are closely related to per- 
ception. A large proportion of the work in 
this area has involved studies with primary 
emphasis upon the effects of variations in 
experiential frequency upon perception. In 
some of these studies the past experience 
has meant the individual’s personal history 
in his pre-experimental environment, while 
in others past history has implied certain ex- 
perimentally controlled learning trials prior 
to some perceptual test. Thus, Howes and 
Solomon (1951) found that visual recogni- 
tion threshold, as measured tachistoscopi- 
cally in an ascending series, approximated 
a decreasing linear function of the loga- 
rithm of word frequency as tabulated by 
Thorndike and Lorge (1944). The obtained 


1This research was supported by Research 
Grants M-1259 and M-2170 from the National 
Institute of Mental Health of the National Insti- 
tutes of Health, United States Public Health 
Service. 


correlations between mean duration thresh- 
old and word frequency varied between 
—.68 and —.82, in separate determinations. 
The counts of Thorndike and Lorge were 
assumed to be estimates of the relative fre- 
quencies with which their subjects (Ss) had 
encountered the various words. Attneave 
(1953) postulated that a high degree of 
familiarity with stimulus materials “may 
serve as a substitute for actual stimulation 
in the perceptual process” (p. 81). In his 
experiment Ss were required to judge 
the relative frequency of occurrence, in 
English text, of each letter of the alphabet. 
He found that a power function provided a 
reasonably adequate fit for the points 
plotted on the basis of median judged fre- 
quency and actual frequency of occurrence 
of the letters in a sample of 10,341 letters 
from printed material. The correlation be- 
tween log judged frequency and log actual 
frequency was .88. 

Solomon and Postman (1952) empha- 
sized that an individual S’s relative fre- 
quency of contact with units of English 
language is only crudely estimated by counts 
of printed material. Accordingly, in order 
to have better control of frequency, they 
experimentally manipulated the frequency 
with which Ss used pronounceable nonsense 
words. Visual recognition threshold for 
words was reported as a negatively acceler- 
ated decay function of frequency of experi- 
mental exposure with zero frequency in- 
cluded in the analysis, and as approximately 
a decreasing linear function of the logarithm 
of frequency when the zero frequency was 
omitted. Arnoult (1956), more recently, 
exposed 10 random nonsense stimuli to Ss 
at varying frequencies and then asked these 
Ss to rate the same stimuli on a familiarity 
scale containing five points. He found rated 
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familiarity of nonsense shapes a monotonic, 
negatively accelerated function of the ex- 
perimentally controlled frequency of experi- 
ence. 

Besides the research on the effects of fre- 
quency on perceptual responses, there have 
been studies on the influence of such factors 
as deprivation, reward, punishment, set 
meaning, avoidance training, and labeling 
upon perception. Thus, Sanford (1936) 
had Ss give their interpretations of am- 
biguous pictures shortly before and shortly 
after a regular meal, and then counted the 
number of responses involving food and 
eating. He found many more food-related 
responses before as opposed to after the 
meal. Later, Sanford (1937) and Levine, 
Chein, and Murphy (1942) obtained re- 
sults providing further confirmation of San- 
ford’s hypothesis relating food deprivation 
and an increase of perceptual responses in- 
volving food. Proshansky and Murphy 
(1942) had Ss estimate the lengths of inter- 
mediate lines, the weights of intermediate 
objects, and the extent of autokinetic move- 
ment, before and after long lines, heavy ob- 
jects, and movement of a light to the right 
were rewarded while short lines, light ob- 
jects, and movement of the light to the left 
were punished. Reward and punishment 
consisted, respectively, of giving 15 cents 
to and removing 15 cents from the Ss. 
These Ss showed a significant shift in their 
estimates in the direction of the rewarded 
stimuli. 

Bruner, Miller, and Zimmerman (1955) 
found that errors of recognizing words, 
presented in conjunction with masking 
noises, decreased as knowledge of the set 
of possible alternatives increased. The effect 
was greater for short lists of words than 
for longer lists. Taylor (1958) gave Ss 
preliminary training on nonsense syllables, 
such that one group saw only the syllables 
while the other group saw the syllables in 
association with pictures which presumably 
gave the syllables meaning. The tachisto- 
scopic thresholds for the words were then 
determined, and she found that prior knowl- 
edge of the stimuli did lower thresholds, but 
meaning did not. Lazarus and McCleary 
(1951) conditioned the GSR to nonsense 


syllables by means of electric shock during 
a training period. Nonshocked syllables 
were also presented during this period. In 
later tachistoscopic trials they found the 
mean GSR for wrong responses higher 
when a shock syllable was shown than when 
a nonshock syllable was shown, indicating 
that Ss can make “autonomic discrimina- 
tions” even when they do not give accurate 
verbal reports. Finally, Hake and Eriksen 
(1956) found that the performance of Ss 
on a recognition task was affected by the 
number of labels used in naming the actual 
patterns used in the task, but not by the 
number of labels used in naming the same 
patterns previously. 

The experiments to be reported here fall 
in the general class of research aimed at 
determining the relationships between ex- 
periential and perceptual variables. The 
experiential variables in these experiments 
are frequency, reward, and punishment; 
while the perceptual variables involve re- 
sponses indicating Yecognition of ambiguous 
stimuli. An experimental approach to eval- 
uate and control the experience has been 
used. 

Recognition has been~assumed to be a 
classifying process where cues are used to 
make a set of decisions as to the assignment 
of a given stimulus object to a particular 
class. Binder (1955) and Bruner (1957) 
have adopted this approach in their theo- 
retical presentations of the processes of rec- 
ognition and perception, respectively. Ac- 
cording to this viewpoint, a naming response 
designates a particular stimulus object as 
belonging to a class defined on the basis 
of common cues. Thus, when a person is 
confronted with the task of identifying an 
orange, he may use its size to rule out such 
response classes as “basketball” and “beach 
ball,” and perhaps its shape to rule out 
“tangerine.” One would predict, on the 
basis of this analysis, that, when an indi- 
vidual has learned to make discriminatory 
responses indicating recognition on the 
basis of configurations of cues, he can also 
identify objects on the basis of subsets of 
the configurations. 

But, if the complete set of cues is neces- 
sary for unique discrimination, any reduc- 
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tion in information resulting from the avail- 
ability of only a subset of all cues produces 
ambiguity. If a person catches only an in- 
stantaneous glimpse of a spherical object 
traveling through the air at high velocity, 
for example, we assume that his previous 
experience with full cue objects enables 
him to use the reduced cues for identifica- 
tion purposes. The cue “spherical,” how- 
ever, has been part of the complete set of 
cues of many objects, including tennis balls, 
golf balls, and oranges. The situation is 
ambiguous because of the limited informa- 
tion in the form of cues. 

Ambiguity may also occur when too 
many cues are present, as, for example, in 
the case of reversible figures where the cues 
defining two or more objects are present in 
the stimulating situation. Thus, considering 
stimulus—object classes as defined on the 
basis of common attributes or cues, a stim- 
ulus situation may be called ambiguous 
when the entire set of cues available to an 
observer belongs to the attribute arrays of 
two or more such classes. 

The tachistoscope produces ambiguity by 
presenting a stimulus object so rapidly that 
details are obliterated in the over-all blur 
seen by an observer. The cues available to 
the observer might have come from any 
number of different objects. And the faster 
the stimulus is presented, the more the blur- 
ring effect and the greater the ambiguity as 
a result of the larger number of stimulus 
objects from which the available cues could 
have come. 

In the case of the Rorschach and similar 
projective techniques, ambiguous stimuli are 
used to assess various aspects of the life 
histories of individuals. An unstructured 
form, which has shape, color, and/or tex- 
ture-like attributes common to many object 
classes, is presented to Ss under instructions 
to specify what it looks like. Some. may 
call a given blur a human, others a bear, and 
perhaps still others a dead eagle. Assuming 
no pathology on the part of the S, attributes 
of the blur may be characteristic of the 
objects in each of these classes. The attri- 
butes which would lead to clear differentia- 
tion among the classes are not available. 


But what are the factors which lead to 
one response rather than another equally 
adequate one in an ambiguous situation? 
Which response, for example, would the 
person, who caught the quick glimpse of 
the object in the air, make if asked to iden- 
tify the object. If he were standing on a 
tennis court, he would almost certainly call 
it a “tennis ball,” unless, perhaps, there 
were an adjoining golf driving range. The 
response would therefore clearly be related 
to the frequency with which the various 
objects were previously experienced in the 
given context. Using the Rorschach and 
similar projective techniques, the clinician 
uses the responses of S to evaluate the lat- 
ter’s personality. The clinician is, explicitly 
or implicitly, assuming that the choice 
among the possible recognition responses 
of an individual to an ambiguous blot con- 
figuration is a function of the individual’s 
previous experiences of reward, punish- 
ment, deprivation, frustration, and so forth. 
One person may have been frustrated in his 
experiences with women and give no re- 
sponses dealing with femininity throughout 
his entire Rorschach protocol. Another 
may have been deprived sexually and report 
sexual symbols on every blot. 

Much of the research reported above on 
the relationship between experience and 
perception has dealt specifically with the 
factors which influence responses to ambig- 
uous cues (Levin et al., 1942; Proshansky 
& Murphy, 1942; Sanford, 1936, 1937; 
Solomon & Postman, 1952). But there has 
been no systematic attack on the problem, 
and wide gaps remain in our knowledge. 
The purposes of the present experimental 
program were to investigate certain rela- 
tionships not considered in the earlier work 
and to explore further some of the factors 
previously evaluated. Particular emphasis 
was laid upon the analysis of the effects of 
frequency of occurrence upon responses to 
ambiguous cues. 


EXPERIMENT I 


There were two principal goals to this 
experiment. The first was to investigate the 
functional relationship between the fre- 
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quencies with which stimulus figures are ex- 
perimentally experienced and the frequen- 
cies of responses to cues which are parts 
of two or more of these figures. At one 
point in the presentation of his model of 
recognition, Binder (1955) assumed that 
an “individual uses a frequency of designa- 
tion of a particular class name equal to 
Pin where P; is the objectively measured 
probability of occurrence of the given class 
and m is the number of repetitions of the 
set of conditions” (p. 123). If we consider 
the probability of occurrence of an object 
equal to the relative frequency of its previ- 
ous occurrence in the given context, this 
leads to the prediction that the relative fre- 
quency of a particular response to ambig- 
uous cues is equal to the relative frequency 
of occurrence of that response and its asso- 
ciated stimulus. The second goal was to 
test the hypothesis that Ss who learn to 
discriminate among objects on the basis of 
configurations of cues learn to make accu- 
rate classifying responses on the basis of 
parts of these configurations. As stated 
above, this is an implicit assumption in the 
models of Binder (1955) and of Bruner 


(1957). 


Method 
Subjects. The Ss were all volunteers from 
various sections of introductory psychology at 


Indiana University. The learning task was very 
difficult, and only Ss who were prepared to spend 
up to two hours in the experiment were used. The 
data of about one-fourth of the participating Ss 
had to be eliminated because of administrative 
errors, the failure of some to reach the first cri- 
terion level by about 90 min., and the necessity for 
some to leave near the 2-hr. mark. The averag« 
time needed for completion of the experiment was 
about 85 min. All Ss were run individually, but 
grouped according to procedure. The data of 35 
Ss in Group I-E and 31 in Group I-U were usable. 
Apparatus. The Ss sat about 5 ft. from the ex- 
posure apparatus which consisted of a plywood 
panel with two separated 8 in. high by 8% in 
wide one-way vision mirrors located in approxi 
mately the center of the panel. Attached to the 
plywood panel, on the experimentcr’s (E£’s) side 
was a box with an open front face and grooved 
sides to hold the stimulus and response cards. The 
cards were illuminated by four (for each mirror) 
six-watt bulbs which were placed behind the mirror 
so as to provide relatively even illumination of th: 
surfaces of the cards and yet not be visible to the 


Ss from their normal viewing position. Panel, 
table, and box were all painted a dull black. 

The apparatus was situated in a semidarkened 
room, and Ss could see the stimulus and response 
cards only when the bulbs behind the mirrors were 
on. At other times, of course, they could only see 
the reflecting surfaces of the mirrors. The mirrors 
were designed to provide 33% transmission of 
light, 33% reflection, and absorption of the remain- 
ing light. 

Presentation materials. Eight nonsense syllables 
of 33% association value were used as names 
during the learning trials of the experiment (Glaze, 
1928). The names are as follows: TUZ, RUX, 
WOY, JOM, KAL, NAF, VED, and GEP. Eight 
stimulus figures were also used and may be seen 
in Fig. 1. The squares within which the differenti- 
ating cues are placed are 4 in. in length on each 
side. These stimulus figures were designed in such 
a way that every cue within the common square 
was necessary for some discrimination. 
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The three test stimuli may also be seen in Fig. 1. 
Test Stimulus A contains the set of cues common 
to Figures A; and A», Stimulus B the set of cues 
common to B; and B:, and Stimulus C the cue com- 
mon to C;, Cz, Cs, and C,. 

All stimuli and names were drawn on white 
drawing board. Great care was taken during the 
drafting to ensure that each cue common to four 
stimulus figures, such as the circle or the straight 
line at the upper part of the square, appeared in 
he same location of the exposure surface when 
the respective figures were placed in the grooves 
on the box. Similarly, the cues appearing on the 
test cards were placed so as to provide for align- 
ment on the viewing surface of common cues on 
learning and test figures. 

Procedure. All Ss were trained by the method 
of paired associates (with correction) during the 
learning phase, with stimulus figures appearing in 
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the left mirror and nonsense syllables in the right 
mirror. The following intervals were used: stim- 
ulus exposure 5% secs., response exposure 2 secs., 
intertrial interval 714 secs., and delay after warn- 
ing buzzer 1% secs. The delay between blocks 
averaged about 30 secs., but was never less than 22 
secs. 

The procedures used for the Ss in Group I-E 
and those in Group I-U differed only in the com- 
position of each learning trial block. For the Ss 
in Group I-E, a trial block consisted of a single 
presentation of each of the eight stimulus figures 
together with its associated nonsense name. The 
trial blocks for the Ss in Group I-U contained 
figure-name pairs presented varying numbers of 
times. In the trial blocks of Group I-U, either 
A; or Az occurred twice and the other once, B: or 
B: occurred four times and the other once, and one 
of C,, C:, Cs, or Cy occurred three times and the 
other three once each, While A; and A: always 
appeared in the ratio of two to one per trial block, 
the particular one which occurred twice and the 
one which occurred once were randomly deter- 
mined for different Ss. In a similar fashion, 
whether B: or Bz appeared four times per block 
and whether C., C2, Cs, or Cs appeared three times 
per block were randomly determined. Table 1 
shows a summary comparison of the trial blocks 
for the two groups. This table can be considered 
only representative, of course, since the particular 
one of a subset (like A: or Az) which occurred 
more frequently varied randomly over Ss. The 
Group I-U trial blocks in all cases consisted of 14 
pairings. 

The nonsense syllables paired with particular 
figures were randomly determined for different Ss. 
The Ss were instructed that the associated non- 
sense syllables were to be considered the names 
of the figures and that they were to anticipate 
each figure’s name after the figure was exposed 
but before its nonsense name appeared. To make 
this more like a recognition situation, the Ss pro- 


TABLE 1 


NUMBER OF OCCURRENCES OF LEARNING FIGURES 
PER TRIAL BLOCK FOR ONE PossIBLE ASSIGNMENT 











IN Exp. I 

Learning Figure Group I-E_—_— Group I-U 
Ai 1 2 
Ag 1 1 
Bi 1 + 
Be 1 1 
Ci 1 3 
C2 1 1 
Cs; 1 1 
Cy 1 1 

Total Presentations 
per Block 8 14 





nounced rather than spelled vut the nonsense sylla- 
bles. During the first trial block, E pronounced 
each syllable as it appeared, in order to minimize 
any reluctance on the part of Ss to pronounce any 
syllable. 

The ordering for the presentation of stimuli for 
each odd-numbered trial block was determined by 
a randomization schedule which E had prepared 
in advance. A restriction imposed on the random- 
ized order was that a single stimulus could not ap- 
pear more than twice in succession. The reverse 
order of presentation to that of the immediately 
preceding odd-numbered block was used for each 
even-numbered block. The sequence of randomized 
order as read from the schedule, reversal of that 
order, new randomized order, etc. was repeated 
with only one break until a criterion of two con- 
secutive blocks of perfect anticipations was 
reached. This break consisted of a 5-min. rest 
period at the end of 40 min. (if the criterion had 
not been reached by this time). At the criterion 
point of two perfect blocks, the Ss were given 
another 5-min. rest period. After this rest period, 
the presentation of learning blocks of paired asso- 
ciates was repeated until the Ss achieved one more 
block of perfect anticipations. They were then 
given their first test trial, and this was followed by 
the learning trials necessary for another block of 
perfect anticipations. Then came the second test 
trial, learning trials to one further block of perfect 
anticipations, and finally the last test trial. The 
purpose of the learning blocks intervening between 
all test trials was to assure as far as possible that 
the Ss maintained the learning level achieved previ- 
ously. 

The three test trials which all Ss were given 
consisted of single presentations of each of the 
Stimuli A, B, and C (see Fig. 1). The order of 
presentation of these three stimuli was randomized 
with the one restriction that Stimulus C was not 
to appear on the first trial. The test stimuli were 
shown for a duration of 1% secs., beginning 1% 
secs. after the sounding of the warning buzzer. 
The intertrial interval was 9 secs. For the test 
phase of the experiment only the left mirror of 
the exposure apparatus was used. 

Immediately following the first criterion of two 
consecutive perfectly anticipated trial blocks, the 
Ss were told that they were ready for the second 
phase of the experiment in which a new figure 
would be presented after each further block of all 
correct responses. They were told that the new 
figure would not be exactly like any of those shown 
before and would be exposed for a shorter period 
of time, but that they were to respond with the 
name of the most closely related figure. The addi- 
tional instructions during the actual test phase, 
after the 5-min. break, were as follows: 

In order to make sure that you still remember 
the characteristics together with the correct 
name of each of the figures presented during the 
first part of the experiment, I will now present 
them in the same way once again. As before, 
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I would like you to name the figure shown in the 
left window just as soon as you can after it is 
exposed, before the name is shown a few 
onds later in the right window. We will not go 
on to the new figure, which I told you about 
before, until you complete a run giving the cor- 
rect name of all of the figures before their 
names are shown in the right window. Correct 
any misses or mistakes as you did previously. 


sec- 


[After criterion of one perfect block]: 

Now here is a new figure. Give the one name 
out of the set you have learned which seems 
most appropriate, even though this figure is not 
exactly like any of those just shown. No name 
will appear in the right window. (The figure 
became visible to the Ss about 9 secs. after the 
completion of these instructions. ) 

[After exposure of first test stimulus] : 

Once again we will rerun the figures and 
names as in the first part of the experiment to 
make sure you remember them. Name the figure 
before its name appears in the right window 
and correct misses and errors. 

After the criterion of one further errorless block 
was achieved, the same instructions were read 
as after the perfect block above (“Now here 
new figure,” etc.). These were repeated once agait 
before the final test trial. The instructions whicl 
followed the first test stimulus (“Once again we 
will rerun,” etc.) were reread prior to the final set 
of trials of paired associates. 





Results and Discussion 


Let us consider an example in terms of 
the responses to Test Stimulus A (see Fi 
1) in order to illustrate how the resul 
may be analyzed. If an S’s response to A 
is the name of either Figure A, or Figuré 
Az, it is called an appropriate response. If 
he responds with one of the names of any 
of the other six figures, it is called an inap 
propriate response. A third category of re 
sponse could occur if an S did not follow 
instructions and responded to a test stim 
ulus with a name which had not occurred 
during learning. This happened in very few 
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cases, and these responses were placed in 
the inappropriate category. Thus, we can 
consider the results in terms of the number 
of appropriate responses to A as opposed 
to the number of inappropriate responses, 
and in terms of the relative number of A, 
and A, naming responses to A. Similar 
analyses may be made of the responses to 
Test Stimuli B and C. 
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The numbers of appropriate and inap- 
propriate responses as well as the numbers 
of responses of differing learning frequency 
within the appropriate category may be seen 
in Tables 2 and 3. The frequencies expected 
from the hypothesis that relative frequency 
of response equals relative frequency of 
learning occurrence are shown parentheti- 
cally in the columns designated “Appropri- 
ate Responses.” The correspondence be- 
tween the values expected on the basis of 
this hypothesis and those actually obtained 
is obviously close. However, it will be most 
convenient to delay a fuller discussion of 
these particular results until the data are 
analyzed in terms of the appropriate—inap- 
propriate dichotomy. 

According to the second hypothesis stated 
in the introduction to Exp. I, Ss who had 
learned the figure-nonsense name associa- 
tions perfectly might have been expected 
to have made no inappropriate test re- 
sponses. But, despite the fact that a strin- 


f 
TABLE 2 


OBTAINED AND EXPECTED (IN PARENTHESES) 
RESPONSE FREQUENCIES*TO TEST STIMULI 
FOR Ss In Group I-E 


Test Stimulus A 


Inappropriate 





Appropriate Responses Responses 
Ai A 5 
15 15 
(15.0) 


(15.0) 


Test Stimulus B 


Inappropriate 


Appropriate Responses Responses 
By Be 7 
15 13 
(14.0) 


(14.0) 


Test Stimulus C 


Inappropriate 


Appropriate Responses Responses 
C, C2 C; Cy z 
8 7 7 11 
(8.25) (8.25) 


(8.25) (8.25) 
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TABLE 3 
OBTAINED AND EXPECTED (IN PARENTHESES) 
RESPONSE FREQUENCIES TO TEST STIMULI 
FOR Ss In Group I-U 








Test Stimulus A 





Inappropriate Responses 


Appropriate Responses 


A(1) 8 


A(2) 
20 3 
(15.3) (7.7) 





Test Stimulus B 


Inappropriate Responses 


Appropriate Responses 


B(4) 





B(1) 5 
20 6 
(20.8) (5.2) 





Test Stimulus C 





Appropriate Responses Inappropriate Responses 








C(3) All C(1) Pooled 3 
13 15 


(14.0) (14.0) 





gent criterion was used, Ss made errors in 
terms of misclassification up to the final one 
of the required five perfect blocks. A factor 
based on incorrect anticipations during the 
learning trials following the achievement of 
the first three required perfect trial blocks 
was accordingly used to estimaiz the imper- 
fection in learning at criterion. 

In order to make a correct anticipation 
during learning, a given S must use all the 
information in the form of cues: circle or 
triangle, wavy or straight line at the top, 
and line at right or left corner (see Fig. 1). 
He must, in other words, classify correctly 
according to three dichotomies. An incor- 
rect response may result from an error in 
one, two, or three of those dichotomous 
categorizations. If the figure exposed hap- 
pens to be Bs, for example, a response con- 
sisting of the name of B,; or Az would re- 
sult from one misclassification while the 
name of C, to B. would represent three 
misclassifications. 

The computations used in arriving at the 
expected number of appropriate and inap- 
propriate test responses on the basis of the 


errors in anticipation made by Ss at cri- 
terion are outlined in Table 4. For all Ss, 
total number of misclassifications on all 
trials, following the first three required 
perfect trial blocks, were counted. Also 
counted were the total number of blocks, 
over all Ss in the respective groups, after 
the third perfect one and up to and includ- 
ing the fifth perfect one. Since each block 
for Group I-E contained eight trial pairings 
and three classifications were necessary per 
trial (one for each cue), the total number 
of necessary categorizations for the Ss in 
Group I-E after the third perfect block is 
the total number of trial blocks multiplied 
by 24 (8 X 3). The multiplier in the case 
of the Ss in Group I-U is 42 (14 X 3) since 
there were 14 trials per block for Group 
I-U. The number of misclassifications per 
attempted categorization at criterion for 
each group was obtained by dividing total 
misclassifications by the number of neces- 
sary categorizations. 

The number of inappropriate responses 
expected purely on the basis that the Ss had 
not learned to classify without error using 
each of the three cues could now be com- 
puted. When presented with Test Stimuli 
A or B (see Fig. 1) each S had to cate- 
gorize on the basis of two cues, while when 
presented with C he had to make only one 
dichotomous categorization (one of the C; 
{7 = 1, 2, 3, 4] stimulus figures or not a 
C; stimulus figure). The total number of 
categorizations necessary by the Ss in Group 
I-E to Stimulus A was 70 (35 X 2); to B, 
70; and to C, 35. The comparable numbers 
for the Ss in Group I-U were 62, 62, and 
31. The total number of necessary test 


TABLE 4 


PERFORMANCE IN LEARNING TRIALS FOLLOWING 
First THREE REQUIRED PERFECT BLOCKs IN Exp. | 
(Summed Over All Ss) 








Group I-E Group I-U 





Total Misclassifications 91 83 
Trial Blocks 128 113 
Necessary Categorizations 3072 4746 
Misclassifications per At- 

tempted Categorization .0296 .0175 
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TABLE 5 
FREQUENCIES OF APPROPRIATE AND INAPPROPRIATI 
RESPONSES TO TEST STIMULI FOR BOTH GROUPS 
oF Ss IN Exp. I 








Obtained Expected 
Responses Responses 
Test }—— ————_——————_ 
Stimu- | Appro- Inappro- | Appro- Inappro- 
Group lus priate priate | priate priate 
I-I A | 3% 5 33 2 
I-E B | 28 7 33 2 
IE C | 33 2 34 1 
I-U A 23 8 30 1 
Iu B | 2% 5 30 1 
I-T oe ie 3 30 1 





categorizations multiplied by the number 
of misclassifications per categorization at 
criterion gives the total expected inappro- 
priate responses to the test stimuli.” 

The expected frequencies of appropriate 
and inappropriate responses and also the 
obtained frequencies may be seen in Table 
5. Fisher’s exact test was applied to all 
differences between expected (on the basis 
of actual learning responses) and obtained 
frequencies, and only the difference due to 
the responses of the Ss in Group I-U to 
Test Stimulus A is significant. The sig- 
nificance level is P=.05. It would seem 
reasonable to conclude that these results 
support the hypothesis that Ss can identify 
components of the stimuli to which they 
previously learned names. 

Perhaps a final remark should be made 
on the justification for choosing the learn- 
ing trial blocks following the third required 
perfect block for predicting frequencies of 
inappropriate test responses. Each S had to 
achieve five blocks with perfect anticipa- 


2 This requires the assumption that each S who 
an inappropriate response makes only one 
But this would seem 
number of 


gives 
misclassification in doing so. 
entirely reasonable since the average 
misclassifications for each erroneous anticipation 
during learning was 1.09 for the Ss in Group I 
and 1.02 for those in Group II. And to make the 
argument even stronger, the maximum number of 
misclassifications possible was three during the 
learning trials and only two during the testing 


trials. 


tions : two consecutive ones during the learn- 
ing phase, one more after a 5-min,. rest pe- 
riod, and one additional perfect block after 
each of the succeeding two test trials. It 
was necessary to be sure that Ss were at 
criterion level of performance for these 
computations of misclassifications and the 
trial blocks prior to the first two perfect 
ones could obviously not be used. Nor 
could the trials between the second and 
third perfect blocks be used since a rest 
period, and presumably some forgetting, 
had intervened between these blocks. After 
the third perfect block, however, only a 
1'4-sec. test trial and a very brief set of 
instructions came between successive learn- 
ing trial blocks. This made it reasonable 
to assume that the Ss were not below their 
first criterion level during this period. 

For the sake of facilitating future dis- 
cussion (with specific reference to the Ss 
in Group I-U) it is convenient to introduce 
notation to allow us to refer to the stimulus 
figure occurring at a given frequency per 
block, regardless of the specific figure it 
may be. Accordingly, let A(1) be the A; 
(t = 1 or 2) figure which occurs once per 
block for a certain S (as randomly deter- 
mined) and A(2) the A; figure occurring 
twice per block for the S. Thus if A, 
occurs twice per block and Az once as a 
result of the random determination, A(1) 
refers to A, and A(2) to A, in this par- 
ticular case. In a similar fashion, let B(1) 
be the B; (4 = 1 or 2) occurring once per 
block, B(4) the B; occurring four times 
per block, C(1) any of the three C; (7 = 
1 or 2 or 3 or 4) figures occurring once per 
block, and C(3) the C; figure occurring 
three times per block for a given S. 

Let us return to the comparative fre- 
quencies which were obtained within the 
category of appropriate response. Table 2 
contains the frequencies of the responses 
of the Ss in Group I-E to the three test 
The numbers in parentheses were 
a given test stimulus by the 


stimull. 
obtained for 
formula 
O; 
Os; 


where O; represents the number of times 
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the i” figure occurred on each learning trial 
block, O, represents the number of times 
the learning figures containing all cues of 
the given test stimulus occurred per trial 
block, and N represents the total number of 
appropriate responses given to the test stim- 
ulus by all Ss. As an example of the use 
of this formula, consider the responses to 
Test Stimulus A (Table 2). In this case 
the total number of appropriate responses, 
or N, is 30. If the learning figure of inter- 
est (that is, the i figure) were Ay, O; = 1. 
Since there are two learning figures con- 
taining all cues of Test Stimulus A (that is, 
A, and A,) and they occurred a total of 
twice per trial block, O, = 2. Therefore, 
we have 
oF 
8 

We: thus predict a total of 15 responses to 
Test Stimulus A consisting of the name 
previously associated with A,. The paren- 
thetical numbers in Table 2 are in all cases, 
then, the frequencies of various appropri- 
ate responses which would be expected if 
the Ss were giving particular appropriate 
responses at the same relative frequencies 
as the occurrence of their associated stimuli 
per learning trial block. 

Table 3 contains the comparable obtained 
and expected frequencies for Ss in Group 
I-U. The numbers in parentheses for a 
given test stimulus are not equal (as in 
Table 2) since the learning stimuli were 
presented at differing frequencies per trial 
block. 

The relative frequencies expected on the 
basis of learning occurrences were consid- 
ered theoretical (population) values in test- 
ing for the significance of the difference 
between obtained and expected relative fre- 
quencies. The binomial test was used for 
the five cases in which the appropriate re- 
sponses fell in two classes, and the x? test 
for the one case involving four appropriate 
classes of response (that is, the responses to 
Stimulus C for the Ss in Group I-E). Only 
one of these six comparisons showed a sig- 
nificant difference (P=.05). This again 
occurred in the responses to Stimulus A for 
the Ss in Group I-U. 





(N) = 4 (30) =15 


Since much of the above is consistent 
with recency, it was desirable to check upon 
whether or not the particular appropriate 
responses given tended to be the last en- 
countered in learning. Accordingly, the 
learning block preceding each test trial for 
the Ss in Group I-E was examined to see 
if the test response was or was not the most 
recent of the possible appropriate responses. 
It should be emphasized that, for this pur- 
pose, only appropriate test responses to a 
given test stimulus were considered and 
the sequence of figure-name pairs during 
the immediately preceding learning block 
was evaluated only from the standpoint of 
the ordering of appropriate responses. 
Thus the two appropriate responses to A 
are the names of A, and A, and, when 
either of these names was given, the prior 
learning block was examined to see if the 
stimulus—response pair corresponding to 
that name did or did not occur after the 
other possible pair which could have been 
named. The test responses to B and C were 
similarly analyzed. Since there are only 
two appropriate responses to Stimuli A and 
B, chance occurrence with no recency effect 
would be indicated by an equal division of 
the appropriate responses into “last” and 
“not last” categories. In the case of Stim- 
ulus C there are four appropriate responses, 
so one in four can be expected to be a last 
response by chance. Table 6 contains the 
number of appropriate responses to each of 
the three test stimuli which were and which 
were not the names of learning figures oc- 


TABLE 6 


NUMBER OF APPROPRIATE RESPONSES FOR 
Group I-E WuicH WERE AND WERE Not Las1 
LEARNING RESPONSE (AS COMPARED WITH OTHER 
PossIBLE APPROPRIATE RESPONSES) 

















Last Not Last 
Expected Expected 
Test by by 
Stimulus | Obtained Chance | Obtained Chance 
A 12 15 18 15 
B 14 14 14 14 
¢ 10 8.25 23 24.75 
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curring last (ignoring inappropriate stim- 
ulus names) in the immediately preceding 
learning block. Table 6 also gives chance 
expectations for “last” and “not last’ re- 
sponses. Adding up all “last” and “not 
last” responses gives sums of 36 and 55, 
respectively. When one considers that 
purely random responding with regard to 
“lastness” gives expectations of 37.25 “last” 
occurrences and 53.75 “not last” occur- 
rences, it is clear that the data present no 
evidence for a recency effect large enough 
to effect the above interpretations. How- 
ever, it should be pointed out that this test 
is surely not sensitive enough to detect the 
small sequence effects predicted and found 
by such investigators as Estes and Straug- 
han (1954). 

As a final recency comparison, it was 
found that 16 of the total of 105 responses 
(appropriate and inappropriate) given by 
all Ss to all test stimuli were the names of 
the very last stimulus (considering all eight 
learning figures in this case) to occur in 
the previous learning blocks. This compares 
with an expectation of 13.1 if the Ss were 
giving the most recent of all learning re- 
sponses purely on a chance basis. 

Thus, a very striking relationship be- 
tween the perceptual variable, frequency of 
response to an ambiguous testing stimulus, 
and the learning variable, frequency of oc- 
currence figures in blocks of paired 
associates, was found. The evidence sup- 
orts the preliminary prediction that the 


L 


of 


frequencies of responses consisting of the 
various possible appropriate figure names 
parallel the frequencies with which the Ss 
had previously responded to the figures. 

In only one of the comparisons did this 
relationship fail to hold: that was in the 
case of the responses of the Ss in Group 
I-U to Test Stimulus A. There were other 
idiosyncrasies in this particular case. First, 
as pointed out above, this was the only 
group that gave significantly more inap- 
propriate responses than expected on the 
basis of misclassifications during learning 
trials at criterion. And second, if one looks 
at the particular kinds of inappropriate re- 
sponses made, one finds that six of the eight 

1 7 |; 


errors consisted of the name of Figure ( 
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to Test Stimulus A (see Fig. 1). Notice 
that C, differs from the appropriate re- 
sponse to A, A,, only in that the former 
has a wavy line and the latter a straight line 
at the top. In all other test trials the inap- 
propriate responses were much more evenly 
scattered over the possible choices. The five 
inappropriate responses of the Ss in Group 
I-E to Test Stimulus A, for example, con- 
sisted of one C, name, one B,; name, one 
Bz name, and two C, names. 

While it is hardly startling, support was 
also found for the hypothesis that Ss who 
have learned differentiating responses to 
configurations of cues are able to make 
accurate discriminatory classifications on the 
basis of cue components. As mentioned 
above, the only discrepancy in six compari- 
sons was the generally pathological case 
of the responses to Stimulus A by the Ss 
in Group I-U. 


EXPERIMENT II 


The primary purpose of this experiment 
was to test further the hypothesis that the 
relative frequency of an appropriate rec- 
ognition response to ambiguous cues is equal 
to the relative frequency of that response 
and its associated stimulus during previ- 
ously reinforced learning trials. A second- 
ary purpose was to explore the generality 
of this relationship by altering the condi- 
tions in the one previous experimental situ- 
ation in which it did not hold. This altera- 
tion was accomplished by dividing the eight 
stimulus figures of Fig. 1 into two sets and 
then administering them to separate groups 
of Ss. The division of figures was such that 
the appropriate response figures for the test 
stimulus giving the discrepancy in the previ- 
ous experiment (that is, A) were in one 
part and the figure associated with the in- 
appropriate response which seemed to be the 
source of difficulty (that is, C,) was in the 
other. This division had the further very 
marked advantage of reducing the average 
time necessary to complete the experiment 
from the approximately 85 min. required 
of the Ss in Exp. I to about 25 min. This 
facilitated the accumulation of much larger 
sample sizes, which seemed very desirable 
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in attempting to verify the relationships 
found previously. 


Method 


Subjects. The Ss were volunteers from the 
introductory psychology course at Indiana Univer- 
sity. All Ss were run individually but were con- 
sidered to be in one of two groups in accord with 
the learning procedure used. Group II-AB con- 
tained 55 Ss; and Group II-C, 54 Ss. In contrast 
to the losses of Exp. I, very few Ss were lost 
because of administrative difficulties in this experi- 
ment. 

Apparatus and materials. The same apparatus, 
stimulus materials, and response words as in 
Exp. I were used. 

Procedure. All Ss were trained by the method 
of paired associates in the manner described for 
Exp. I, with only those changes necessitated by 
the different stimulus groupings. The stimuli used 
for the Ss in Group II-AB were Ax, A», B: and 
B, during the learning trials and A and B during 
the test trials. The name associated with a given 
figure was randomly determined for each S from 
among the eight possibilities. 

Each trial block for Ss in Group II-AB was 
eight stimulus-response presentations in length; 
two of the four figures occurred more than once 
per block. The specific figures replicated varied 
randomly over Ss. For some Ss, Figure A; and 
its associated nonsense syllable occurred twice per 
block and Figure A: once, while for others A: 
occurred once and A: twice. Similarly, Figure B; 
occurred four times per block and B: once for 
some Ss, while B; occurred once and B: four times 
for others. Once chosen for a given S, the as- 
signed frequencies for the figures were maintained 
through all of his learning blocks. The following 
is an example of stimulus composition and order- 
ing for a Group II-AB block: B:, As, Bz, Bz, Ax, 
B:, Ag, Bz. 

The stimuli used for the Ss in Group II-C were 
C;, Cz, Cs, and Cy during the learning trials and C 
during the test trial. Again four of the syllables 
were randomly matched with the learning figures 
for different Ss. The learnitig trial blocks for the 
Ss in Group II-C were only six figure-name pair- 
ings in length. One among Gi, C:, Cs, and Cs was 
exposed three times per trial block and the other 
three once each, but the more frequently occurring 
one was chosen randomly for different Ss. Once 
chosen, this remained the figure which occurred 
three times through all the trial blocks for an S. 
A possible figure composition and ordering for a 
block of Group C is Cs, Ci, Cs, Cs, Ca, C2. 

Prior to the learning trials, the Ss in both groups 
were told that the nonsense syllables were to be 
considered the names of the figures and that their 
task in subsequent trials was to anticipate this 
name after the figure was exposed but before the 
name appeared. The order of presentation within 
a block during learning was random on odd-num- 


bered trial blocks (with the restriction of no more 
than two consecutive appearances) and the reverse 
of the previous odd-numbered block on even blocks. 
Learning proceeded to a criterion of two consecu- 
tive trial blocks with perfect anticipation. After 
reaching this criterion, all Ss in both groups were 
given a 5-min. rest period, at the end of which the 
paired-associates blocks were repeated until they 
achieved one further block of perfect anticipations. 

The Group II-AB Ss were then given their first 
test trial, and this was followed by a further set of 
learning blocks to a criterion of one more perfect 
block. Then came the final test trial. During the 
two test trials of the Ss in Group II-AB, Test 
Stimulus A was presented once and Test Stimulus 
B once in random order over Ss (see Fig. 1). 

Following the rest period and succeeding trials 
to one perfect block, the Ss in Group C were given 
a single test trial consisting of Test Stimulus C. 
This terminated the experiment for them. 

Prior to each test trial all Ss were told that a 
new figure, somewhat different from all those used 
during learning, would be presented and that they 
were to respond with the one previously learned 
name which seemed most appropriate. They were 
informed of the criterion requirements in terms 
of necessary perfect trial blocks preceding all 
learning stages. 


Results and Discussion 


Table 7 contains the number of Ss in 
Group II-AB who gave appropriate and 
inappropriate responses to Test Stimuli A 
and B. It also contains the number of Ss 
who gave the various appropriate responses 
to Stimulus C in Group II-C. To illustrate 
the table’s meaning, when presented with 
Test Stimulus A, 36 of the 55 Ss in Group 
II-AB gave an appropriate response con- 
sisting of the name of the learning figure 
which occurred twice as frequently as the 
other in their learning blocks, that is, A(2) ; 
16 Ss made A(1) and three Ss made in- 
appropriate responses (B’s or C’s). The 
numbers in parentheses in Table 7 are the 
response frequencies we would expect if 
the S's responded with appropriate responses 
at the same relative frequencies as their 
occurrence in the learning trial blocks ; they 
were obtained as described in Exp. I. 

The very few inappropriate responses 
obtained makes it reasonable to account for 
the phenomenon of inappropriate respond- 
ing solely on the basis of imperfect learn- 
ing of name pairs. This confirms the previ- 
ous finding. 
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TABLE 7 


OBTAINED AND EXPECTED (IN PARENTHESES) 
RESPONSE FREQUENCIES TO TEST STIMULI 
FOR ALL Ss IN Exp. II 


Test Stimulus A (Group II—-AB Ss) 


Appropriate Responses Inappropriate Responses 


A(2) A(1) B, or Be 
36 16 3 
(34.7) (17.3) 


Test Stimulus B (Group II—-AB Ss) 


Appropriate Responses Inappropriate Responses 


B(4) B(1) A, or Ag 
42 11 2 
(42.4) 


(10.6) 


Test Stimulus C (Group II-C Ss 





C(3) All C(1) Pooled 
37 17 
(27.0) (27.0) 


The fit between obtained and expected 
frequencies for the responses of the Ss in 
Group II-AB to Test Stimulus A, on the 
one hand, and Stimulus B, on the other, 
is remarkably close. Statistically, the small 
differences between obtained and expected 
values are very far indeed from approach- 
ing significance. These data surely lend 
support to the hypothesis that the relative 
frequencies of various recognition responses 
to ambiguous cues equal the relative fre- 
quencies with which these responses oc 
curred previously in association with their 
stimulli. 

However, using a x? test, the difference 
between the obtained and expected responses 
to Test Stimulus C by the Ss in Group 
II-C is significant at the .05 level. In look- 
ing at these data in Table 7, it should be 
remembered that the expectation of equal 
frequencies in the two appropriate response 
categories stems from the fact that, although 
one learning figure among the C; occurred 
three times as frequently per learning block 
as each of the other three—that is, C(3)- 
all responses consisting of the names of the 
three less frequent learning figures—all 


C(1)—have been pooled. In effect this 
means that one expects as many responses 
consisting of the more frequent name as 
all three less frequent names combined. 

These results are of particular signifi- 
cance when compared with the findings of 
Exp. I. In Exp. IT, the Ss in Group II-AB, 
who were tested on A after learning trials 
involving the same ratio of presentation of 
A, and A, as the Ss in Group I-U (that is, 
2 to 1), never saw the C; learning figures. 
Consequently, the source of difficulty in- 
volving a large number of inappropriate 
C, responses to A was eliminated. The 
present data, therefore, support the hypoth- 
esis that the large number of inappropriate 
responses (of a particular kind) contributed 
toward producing the single significant dis- 
crepancy between relative frequencies dur- 
ing learning and relative frequencies among 
appropriate test responses in Exp. I. 

The present data from Ss in Group II-C 
are at variance with the previous finding of 
no significant difference between expected 
and observed frequencies for the same test 
stimulus and the same learning presenta- 
tion frequencies. In fact, the obtained and 
expected values for Group I-U are almost 
identical. How can we account for this 
marked difference in results? Assuming 
that the difference was not due simply to 
chance sampling fluctuations, we must look 
at the essential difference between the two 
experiments and consider its possible effects. 
The Ss of Group I-U were trained on all 
eight learning figures and tested on all three 
test stimuli, while the Ss in group II-C 
were trained on only the four C; learning 
figures and tested on C. The entire set of 
learning and test stimuli of the present 
experiment was only part of a larger set 
in the earlier experiment. In other ways— 
relative frequency of presentation among 
learning figures, learning criterion require- 
ments prior to testing, nonsense syllables 
potentially paired with learning figures, 
over-all method of learning and test pres- 
entation, and instructions—the two experi- 
ments were identical. 

In the case of the Ss in Group II-AB as 
well as in the case of the Ss in Group I-U, 
the trial blocks for all Ss contained at least 
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two stimuli which appeared more than once. 
This was not the case with the Ss in Group 
II-C who had only one stimulus presented 
more than once per block. When in repeated 
blocks of four different stimuli, one stim- 
ulus appears three times and the others 
appear only once each in successive blocks 
of six trials, it seems reasonable to assume 
that the more frequent stimulus becomes 
relatively conspicuous. Thus, 49% of the 
Ss made no errors in identifying the C(3) 
stimulus throughout their learning trial 
blocks (excluding the first block, of course, 
during which E read aloud the names). 
Moreover, 59% made no errors in identi- 
fying C(3) during either the second, third, 
or fourth blocks; and 66% made no errors 
in identifying it during the second block 
alone. Fig. 2 contains separate curves of 
total errors per attempted anticipation to 
the C(3) figure, on the one hand, and to all 
three C(1) figures, on the other. Errors 
and attempted anticipations were summed 
over all Ss for each block. Zero errors were 
assumed for Ss who had reached the cri- 
terion of two perfect blocks prior to a given 
block. It is apparent that most Ss learned 
the name of C(3) within the first two 
blocks and spent the remainder of their 
learning time in discriminating among the 
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Fic. 2. Total errors per attempted anticipation 
over learning blocks for Ss in Group II-C. 


This would imply that for many Ss there 
was more immediacy and fewer cue-pro- 
ducing responses involved in the association 
between the C(3) stimulus and its naming 
response, at least at certain stages of learn- 
ing. Let us use an example to illustrate this 
argument. Suppose the paired associates for 
a given S in Group II-C are as follows: 
C,—WOY, C.—RUX, C;—KAL, and C,— 
GEP (see Fig. 1). Suppose, further, that 
C; occurs three times per block for this S, 
and C,, C., and C, once each. Now this S 
quickly learns to respond “KAL” when C; 
is exposed. If this association is not im- 
mediate and such intermediate implicit re- 
sponses as, “triangle, wiggly line, line to 
left” occur, they quickly drop out with the 
overlearning concomitant with the frequent 
repetition of only one stimulus. The essen- 
tial body of learning consists of establishing 
discriminations among C,, C2, C,. But this 
may require a good deal of emphasis and 
drilling on cue-producing responses. Thus, 
the learning may involve drilling on se- 
quences like: C, exposed—“circle in middle 
and line in left corner’—“WOY”; or C, 
exposed—“triangle in center and bottom 
line to right’—“GEP.” If this process of 
discriminating among the C(1) with the 
help of implicit responses proceeded through 
the learning trials for these Ss, the differ- 
ence in immediacy between responses to 
these stimuli and the response of “KAL” to 
C; would, up to a point, become more and 
more pronounced. When the Test Stimulus 
C is presented after that course of learning, 
a certain S might respond in some such 
fashion as: “No circle in the middle and 
no line in left corner, it is not a WOY; no 
line in right corner, it is not a RUX; no 
line in right corner and no triangle in cen- 
ter, nota GEP.” The elements to which the 
cue-producing responses leading to the re- 
sponses of “WOY,” “RUX,” and “GEP” 
are, in short, not present. The S then gives 
the response “KAL,” the name of the stim- 
ulus which appeared three times per block. 

With enough Ss of Group II-C behaving 
in accord with the above model, the dis- 
proportionately large number of C(3) 
names becomes understandable. Unfortu- 
nately there was no way of evaluating the 
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reasonableness of these formulations with 
the data thus far available and so new data 
had to be collected with proper experi- 
mental variation. 


EXPERIMENT III 


The purpose of this experiment was to 
test the hypothesis that the discrepancy be- 
tween obtained and expected response fre- 
quencies for the Ss in Group II-C resulted 
from the unusual distinctiveness of the par- 
ticular figure occurring three times as often 
as the others per learning block. According 
to the analysis, this distinctiveness resulted 
in the Ss learning the more frequent figure- 
name association comparatively directly and 
the less frequent figure-name associations 
with the aid of intervening implicit re- 
sponses. And this in turn, presumably, led 
to a larger than expected frequency of the 
associated name of the C(3) figure on tests 
with Stimulus C. 

The method used in this experiment in- 
volved a replication of the conditions used 
for the Ss of Group II-C with one change 
introduced to reduce the distinctiveness of 
the figure which occurred three times per 
block. This diminution in distinctiveness 
was accomplished by increasing the fre 
quency per block of two of the other three 
figures. 


Method 


Subjects. Sixty-five Ss were used in this experi- 
ment, As in the previous experiments they were 
run individually and all were volunteers from 
introductory psychology sections. 

Procedure. The apparatus and stimulus and 
response materials were the same as those de- 
scribed previously. Except for the specific compo- 
sition of each learning trial block, the procedure 
used for the Ss in Exp, III was identical to that 
used for the Ss of Group II-C. Whereas each 
block for the Ss of Group II-C consisted of one 
C; presented three times and the other three once 
each, the blocks in the present experiment consisted 
of one C; presented three times, another presented 
once, and the remaining two figures presented twic« 
each. The learning blocks for the Ss of Exp. IT] 
were, consequently, eight pairings in length. The 
particular figures among Ci, Co, Cs, Cs presented 
once, twice, and three times per block were chosen 
randomly for a given S, but once selected the par- 
ticular figure frequencies were of course main 
tained through all of his learning blocks. 
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Fic. 3. Total errors per attempted anticipation 
ver learning blocks for Ss in Exp, ITI. 


Results and Discussion 


The condition whereby two learning fig- 
ures occurred twice eagh per learning block 
surely would be expected to diminish the 
distinctiveness of the figure which occurred 
three times. That this occurred is indicated 
by the fact that 34% of the Ss made no 
C(3) errors throughout their learning trial 
blocks ; 37% made no C(3) errors on blocks 
two, three, or four; and 54% made none 
m block two alone. (The corresponding 
percentages for the Ss in Group II-C are 
19, 59, and 66.) Fig. 3 shows (for the Ss 
in Exp. III) curves of errors per attempted 
anticipation to the C(3) figure, on the one 
hand, and the pooled C(2) and C(1) fig- 
ures, on the other hand. Ordinate values 
were determined as in Fig. 2. 

Let us evaluate the effects of this dimin- 
ished distinctiveness. Table 8 contains the 


TABLE 8 


OBTAINED AND EXPECTED (IN PARENTHESES) 
RESPONSE FREQUENCIES TO TEsT STIMULUS 
FOR Ss IN Exp. III 


C(3) Both C(2) C(1) 
25 31 9 
(24.4) (32.5) (8.1) 
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obtained and expected response frequencies 
of the Ss in Exp. III to Test Stimulus C. 
Responses consisting of the name of either 
of the two C(2) figures were necessarily 
pooled since, considering that the figures 
presented at each frequency were random 
for a given S, there was no way of distin- 
guishing between them in a frequency anal- 
ysis over Ss. The expected frequencies 
were computed by the procedure described 
above. 

The closeness of the fit between expected 
values and obtained results is remarkable 
indeed. This supports the hypothesis that 
the discrepancy between obtained and ex- 
pected values for the Ss in Group II-C re- 
sulted from the unusual distinctiveness con- 
comitant with the single figure’s compara- 
tively large number of occurrences per 
block. This does not, of course, provide 
powerful confirmation to the steps of the 
argument wherein the unusual distinctive- 
ness is assumed to lead to the differential 
use of cue-producing responses and these 
in turn to a preponderance of test responses 
consisting of more frequent figure names. 
But there would seem to be no more com- 
pelling line of reasoning available to ac- 
count for the discrepancy. Moreover, the 
presented line of reasoning was heuristic, 
and any other would be ex post facto. 

The accuracy of prediction for these 
data make it seem desirable to determine if 
the obtained results are consistent with the 
independence of expected outcomes and the 
effects of recency. Table 9 contains this 
analysis. A given entry for predicted pro- 
portion is simply the product of the prob- 
ability that the particular figure will occur 
last (or not last) during the final learning 
block and the probability, assuming the 
matching relationship holds, that the name 
of the figure will be given on the test trial. 
For example, the probability that C(3) is 
the last figure exposed is .375 and the prob- 
ability that it will be named according to 
the matching hypothesis is .375; hence, the 
predicted proportion of C(3) responses 
when it is last is (.375)(.375) = .141. 
Again, the fit between predicted and ob- 
tained values is very close, indicating both 
the accuracy of prediction from the match- 


TABLE 9 


OBTAINED AND EXPECTED PROPORTIONS O! 
RESPONSES IN RECENCY COMPARISON 
FOR Exp. III 





Test Stimuli 


3 
| | 
C(3) | Both Ca) Both C(2) ¥ C(1) 




















Not- | Not- | Not- 

| Last | Last kant} Last si Last | Last 

Obtained —_| .139 | .246 | .092 | .385 | aa 092 

Predicted | .141 | .234 | 125 | .375 | .016 | .109 
ene Fi 





ing hypothesis as well as the relative unim 
portance of recency effects. 

Thus, the results of Exp. II and Exp. II] 
taken jointly provide very convincing sup- 
port for the earlier finding of a direct rela- 
tionship between a learning variable and a 
perceptual variable. Moreover, these results 
provide a relatively clearly defined set of 
conditions under which the relationship 
breaks down. 


EXPERIMENT IV 


The purpose of the present experiment 
was to provide one test of the hypothesis 
that, in a recognition situation, discrimina- 
tive and common cues differ in the extent 
to which they are effective in determining 
responses because of differential sampling. 
Such differential sampling or, in other 
terms, selective attention has been hypoth- 
esized by certain theorists to account for 
perfect, or near perfect, discriminations in 
situations involving overlapping cues and 
common background stimulation. 

In their application of statistical learn 
ing theory to the analysis of discrimination 
learning, for example, Estes and Burke 
(1955) found evidence for a reduction of 
common elements in the stimulus situation 
over the course of learning. La Berge and 
Smith (1957) explicitly pointed out that 
the assumptions of statistical learning theory 
imply that an individual making perfect 
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discriminations in two-choice learning 
should be selectively ignoring common ele- 
ments. They found support for the hypoth- 
esis that background common cues are ig- 
nored, in an experiment involving changes 
in partial reinforcement schedules with 
interspersed test trials consisting of only 
background elements. 

Wyckoff (1952) used the term “observ- 
ing responses” to designate those responses 
of an S which are necessary for exposure 
to the discriminative stimuli, Wyckoff pre- 
sented an analysis of changes in the proba- 
bilities of these responses in terms of rein- 
forcement learning theory, equating these 
changes with alterations in stimulus gener- 
alization between the stimuli. Atkinson 
(1959) dealt with observing responses with- 
in the framework of a Markov model, in 
an approach related to the earlier work of 
Wyckoff. He modified the typical discrimi- 
nation task significantly by equating ob- 
serving responses with the operation of 
selection keys, in order to make the process 
of selective attention directly measurable. 
Restle (1955), on the other hand, used 
Lawrence’s (1950) concept of “irrelevant 
cues,’ which are those aspects of a stim- 
ulating situation which are unrelated to 
reinforcement. Restle hypothesized that 
these irrelevant cues become progressively 
adapted over the course of learning, and 
thus eventually cease to influence the dis- 
crimination responses of Ss. Recently, 
Restle (1957) has presented a more general 
theory of discrimination learning in which 
rate of adaptation is a function of the in- 
formation-giving value (“validity”) of the 
available cues. Finally, Green (1958) de- 
scribed the process of selective sampling of 
stimulus elements in terms of a reduction 
of the intercept or common set as a result 
of postural or orientation adjustments. 

In summary, these investigators have at- 
tempted to account, by means of such con- 
cepts as “observing responses” and “cue 
adaptation,” for the process whereby Ss 
learn to ignore the common (or nondis- 
criminative or irrelevant) cues in discrimi- 
nating among stimuli. The term “selective 
sampling” will be used to designate this 
process throughout the present discussion 


since the expressions “observing responses,” 
“cue adaptation,” and “cue neutralization” 
carry connotations which are not intended. 
“Selective sampling” will imply no more 
than a designation of conditions, at a given 
discrimination point, whereby certain cues 
are effective in influencing responses while 
others are not. 

In order to test the hypothesis that se- 
lective sampling occurs in recognition situ- 
ations of the sort investigated in the pre- 
ceding experiments of this project, use was 
made of the finding that the relative fre- 
quencies of responses to ambiguous cues 
tend to equal the relative frequencies of 
occurrence of these responses in previous 
S-R associations. Current research would 
indicate that selective sampling occurred 
in the preceding experiments, since the ma- 
jority of Ss learned to discriminate among 
the figures during the learning trials with 
no errors after the initial criterion of two 
perfect blocks was reached. The postulate 
in statistical learning theory (Estes & 
Burke, 1955), for example, that the proba- 
bility of a response on a given trial is equal 
to the proportion of conditioned elements 
leads to the assumption that the common 
elements in both the figures and the back- 
ground were not sampled (that is, were 
ignored) in the process of response deter- 
mination. 

Paired-associates learning was again used 
in this experiment in the manner of the 
previous experiments. The present experi- 
ment differed from the others, however, in 
that the relative frequencies of presentation 
of the learning stimuli per trial block were 
changed once during the course of learning. 
The purpose of the shift was to introduce 
a different rate of conditioning of the stim- 
ulus elements. For those Ss for whom 
selective sampling had been operative at 
the time of the shift, the ignored cues would 
not be conditioned at the new rate. A deter- 
mination of whether common cues were 
responded to at the initial relative fre- 
quency or at the relative frequency follow- 
ing the shift then provided a means of as- 
sessing if selective sampling had actually 
occurred. 
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Method 


Apparatus. The exposure of stimuli and re- 
sponses was accomplished by the apparatus de- 
scribed in Exp. I. 

Subjects. Two groups of 38 Ss each were used 
in the experiment. They were volunteers from the 
introductory psychology sections at Indiana Uni- 
versity. 

Materials and procedure. Four learning figures 
and three test stimuli were used; these may be 
seen in Fig. 4. A paired-associates procedure was 
used during the learning phase, in which the fig- 
ures shown in the left hand column of Fig. 4 were 
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Fic. 4. Learning and test figures for Exp. IV. 


associated with the nonsense syllables RUX, TUZ, 
WOY, JOM. The matching of figures and sylla- 
bles was done randomly over Ss. The sound of 
a buzzer preceded each stimulus presentation. 

The timing of presentations and intertrial inter- 
vals was the same as that of Exp. I. 

For the first three trial blocks, each stimulus 
response pair was shown once per block. Then, 
assuming that a set of three learning blocks is a 
reasonable interval in which to expect selective 
sampling to begin occurring, a differential fre- 
quency of presentation per block was used begin- 
ning with the fourth block and continuing through 
the learning phase. During these latter blocks, C; 
or C; occurred twice and the other once, while C: 
or C: appeared four times and the other once. 
While C; and Cy always appeared in the ratio of 
two to one per trial block, the particular one which 
occurred twice and the one which occurred once 
were randomly determined. In a similar fashion, 
whether C; or Cz appeared four times per block 
was randomly determined for different Ss. The 
order of presentation was random on odd blocks 
and the reverse of the previous odd block on even 
blocks. 

Upon achieving two trial blocks with perfect 
anticipations, the Ss were given a 3-min. rest pe- 
riod. Then, during the test phase of the experi- 


ment, they were required to achieve one further 
perfect trial block before each test trial. The test 
trials consisted of the presentation of C, C’, and ( 
(see Fig. 4) to all Ss. Test Stimulus C’ contains 
a cue set common only to Figures C; and C:, Stim- 
ulus C” a cue set common only to C; and C,, but 
Stimulus C contains nothing but cues common to 
all four learning figures. 

The two experimental groups differed in the 
ordering of the test trials. The Group IV-C’ Ss 
were tested on either Stimulus C’ or Stimulus C” 
first, the remaining one of these two stimuli sec- 
ond, and Test Stimulus C last. The Group IV-C 
Ss were shown C first, and then C’ and C” ran- 
domly ordered, second and third. 

For the learning instructions, the Ss in both 
groups were told that the nonsense syllables were 
to be considered the names of the figures and that 
the syllables were to be pronounced in the process 
of anticipation. Prior to each test trial all Ss were 
told that a new figure would be presented and that 
their task was to respond with the one previously 
learned name which seemed most appropriate. 

It became apparent after these Ss were run that 
a control group was needed. This was needed be- 
cause no previous data were available for Ss tested 
on a stimulus like C after a 2:1:4:1 frequency 
throughout learning (that is, starting with 2:1:4:1 
during the first block and maintaining that fre- 
quency on all subsequent blocks). Accordingly, a 
group of 29 Ss was run with C, and C: shown in 
a 4:1 ratio and C; and CG in a 2:1 ratio through- 
out learning (see Fig. 4). The test stimulus con- 
sisted of C alone. 


Results and Discussion 


If an S gives an appropriate response to 
Test Stimulus C’ (that is, the name of C, 
or C,), his subsequent response to C” must 
be different (that is, the name of C; or C,) 
or else it will be inappropriate. And the 
same holds, of course, for the sequence C” 
and then C’. In that sense, the responses 
to C’ and C” are necessarily independent 
for any analysis involving specific appro- 
priate responses. In contrast, the same re- 
sponses are appropriate to either C’ or C”, 
on the one hand, and C, on the other. Thus, 
it is possible to have sequential depend- 
encies in terms of recurrences of the same 
response which is appropriate for both stim- 
uli. The previous experiments avoided the 
problem of possible lack of independence by 
using only those test stimuli (like C’ and 
C”) in the group administered to a given 
S, for which the associated sets of appro- 
priate responses were nonoverlapping. 
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The present investigation was so designed 
that the effects of using successive test 
stimuli for which the same responses were 
appropriate could be determined with little 
loss of experimental time. All Ss were 
shown the three stimuli C, C’, and C” in 
such a fashion that C came either first or 
last. Thus, if it were found that the re 
sponse patterning to the C’ and C”, on the 
one hand, and C, on the other, are independ- 
ent, the combined data could be used; but 
if no such independence were shown, the 
data for the Ss seeing C first and those 
seeing it last could be analyzed separately, 
which would have been necessary even if 
all test stimuli had not been shown to each 
S as in the present investigation of inde- 
pendence. 

Table 10 contains the response frequen 
cies to the test stimuli for the Group IV-C’ 
and Group IV-C Ss. The response pattern- 
ing would seem to be quite different for the 
two groups, with a distinct tendency for 
lower frequency responses to occur to C 
when C’ or C” came first and to C’ and C” 
when C came first. Thus, the ratio of more 
frequent to less frequent responses is 2:1 
for C” and 2.5:1 for C’ in the case of the 
Group IV-C’ Ss, and the corresponding ra- 
tios are 1.5:1 and 1.7:1 for the Group IV-C 
Ss. These data may be compared with those 
for Group II-AB because of the similarity 
of learning frequencies and test conditions 
in the two situations. The ratio of more 
frequent to less frequent responses for the 
Ss in Group II-AB is 2.2:1 to Test Stim 
ulus A (comparable to C”) and 3.8:1 to 
Test Stimulus B (comparable to C’). This 
comparison adds some weight to the evi 


dence of nonindependence in test responses 
when the same response is appropriate to 
successive test stimuli, despite the marked 
discrepancy in response tendencies between 
C’ and B. It is surely clear that the response 
ratios to C’ and C” are much closer to the 
results for the Ss in Group II-AB when C’ 
and C” appear prior to C than when they 
appear after C. 

In the case of the responses to Test Stim- 
ulus C, there is an increase, when C comes 
last, in the responses which occur at fre- 
quencies of two and one at the expense of 
those of frequency four (see Table 10). 
The results from the group of 29 control 
Ss are relevant here. These were: 16 re- 
sponses associated previously with the fig- 
ure occurring four times, 7 responses which 
occurred twice, and a total of 6 of the two 
responses which occurred once each. These 
data are much more nearly like the results 
when C was presented first than when it 
was presented last. 

All the data from this experiment, as 
compared with the résults for Group II-AB 
and for the control group of 29 Ss, indicate 
that the learning blocks of Exp. IV sub- 
sequent to the third were not completely 
effective in overcoming the response tend- 
encies stemming from the three initial blocks 
of equal frequency. That is, when the four 
learning figures are presented equally fre- 
quently for three blocks and then shifted 
to a 2:1:4:1 frequency, there is an increase 
in the relative frequencies during testing 
of naming responses of figures which oc- 
curred only once per learning block, as 
compared with the results when no shift oc- 
curs and the frequency 2:1:4:1 is main- 


TABLE 10 


RESPONSE FREQUENCIES (FOR Exp. IV) IN TERMS OF THE LEARNING FREQUENCIES OF 
ASSOCIATED STIMULI 


Number _ First Test 
Group of Ss Stimulus 2 1 
IV-C’ 38 ern’) | 1 oR? 11 
Iv-C 38 c 19 13 
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tained throughout learning. Moreover, as 
pointed out above, there is a further in- 
crease in the frequency of test responses 
consisting of the names of figures which 
occurred once per block when the test stim- 
ulus followed (for a given S) other test 
stimuli having the same appropriate re- 
sponses. This latter increase may have re- 
sulted from the attempts of Ss to use as 
many different testing responses as possi- 
ble. That is, there were obviously more 
high than low frequency responses initially 
and so any general tendency toward using 
different responses on subsequent test trials 
would lead to a net shift in the direction of 
low frequency responses. 

In any event, as a result of the indicated 
lack of independence, only the C’ and C” 
test responses of Group. IV-C’ and the C re- 
sponses of Group IV-C were used in the 
analysis of selective sampling. 

Table 11 contains the distribution of er- 
rors made subsequent to the first required 
criterion level of two blocks with perfect 
anticipations. It should be remembered that 
all Ss were required to achieve one further 
perfect block before each test trial. The 
deviation from perfect responding during 
criterion trials may conceivably have re- 
sulted from inadequate selective sampling 
of discriminative cues. Consequently, each 
of the two groups was divided into two 
parts: one part contained those Ss who 
made no errors whatsoever in the learning 
blocks following the first two required per- 
fect ones, and the other part contained Ss 
who made one or more errors during these 
blocks. For ease of designation, Group 


TABLE 11 


Tota. Errors or ANTICIPATION MADE 
By Ss In Exp. IV in LEARNING BLOCKS 
FOLLOWING First PERFECT CONSECUTIVE PAIR 





Errors Number of Ss 
0 44 
1 15 
2 12 
3 2 
4 1 
5 1 
6 1 


IV-C’-NE shall refer to those Ss who were 
shown Stimulus C last and made no errors 
during the criterion blocks, Group IV-C’-E, 
to those Ss who were shown Stimulus C 
last and made one or more errors during the 
criterion blocks; and Group IV-C-NE and 
Group IV-C-E shall have similar meanings. 

The curves, over all learning blocks, of 
average number of errors per S in each of 
the four subgroups may be seen in Fig. 5. 
There is some difference in learning trend 
evident between the Group IV-C’-NE and 
Group IV-C’-E Ss, on the one hand, and 
the Group IV-C-NE and Group IV-C-E Ss, 
on the other. It is hardly surprising that 
the “NE” Ss as a group were more efficient 
learners than the “E” Ss. There would 
seem to be little difference between the 
learning rates of the Ss in Group IV-C’-NE 
and those in Group IV-C-NE during the 
later blocks, and these will be the critical 
comparison groups in the analyses of selec- 
tive sampling. The average number of 
blocks to reach the final necessary perfect 
criterion block for each of the subgroups 
is as follows: Group IV-C’-NE, 11.24; 
Group IV-C’-E, 12.61; Group IV-C-NE, 
10.58; Group IV-C-E, 12.95. The differ- 
ence between the Group IV-C’-NE and 
Group IV-C-NE Ss is small and far from 
significant. 

We would expect, if selective sampling 
occurs, that it does so for the Ss at high 
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Fic. 5. Mean number of errors per S for the 
four groups in Exp. IV. 











20 ARNOLD BINDER ann SOLOMON E. FELDMAN 


learning levels who show perfect discrimi- 
nations over the criterion blocks. 

Table 12 contains a summary of the test 
responses of the various subgroups in terms 
of the frequencies of occurrence of the as- 
sociated learning figures. Responses con- 
sisting of the name of a figure which oc- 
curred twice or four times per block have 
been pooled under the “More Frequent” 
heading, while those consisting of a name 
occurring once per block have been pooled 
under “Less Frequent.” All erroneous test 
responses were eliminated from considera- 
tion. The pooling into these two categories 
was done because of the relatively small 
frequencies which would have resulted from 
the finer breakdown involving the actual 
numbers of learning occurrences. 

Expected frequencies for the pooled data 
can be computed by the usual rules for 
combining fractions. Thus, for example, 
the “More Frequent” responses should oc 
cur three times as often as the “Less Fre- 
quent” responses if the Ss in Group IV-C- 
NE responded to the test stimuli at the 
same relative frequencies as the occurrence 
of the relevant figure-name pairs during 
later learning. If selective sampling had oc- 
curred prior to the fourth block, however, 
an equal number of C responses in the 
“More Frequent” and “Less Frequent” 
categories would be predicted. That is, if 
the common cues were not sampled as a 
result of selective attention, they could not 
be conditioned to the various responses at 
the differing frequencies. 

Stimuli C’ and C” contain discriminative 
cues which could not be ignored if Ss were 


to give correct anticipations during learn- 
ing. Hence, approximately a 2.82 to 1 ratio 
of “More Frequent” to “Less Frequent” 
responses was expected for the Ss in Group 
IV-C’ ; the expectation is approximate rath- 
er than exact because of the previously 
noted ineffectiveness of the shift to 2:1:4:1 
in completely overcoming the response tend- 
encies stemming from the first three blocks 
of equal freqency. The test for the hypoth- 
esis of selective sampling involved the 
Group IV-C-NE Ss, since they responded 
to the test stimulus containing only common 
cues and showed perfect discriminations at 
criterion trials. Table 13 shows observed 
and expected values for the Ss in Group 
IV-C’-NE and also for the Ss in Group 
IV-C-NE. 

The observed and expected values do not 
differ significantly for the Group IV-C’-NE 
Ss (P > .25) using a x” test. The observed 
values for the Group IV-C-NE Ss differ 
significantly from that expected if they did 
not selectively sample (P = .05), but do not 
differ significantly ftom the values expected 
under the assumption of selective sampling 
by the fourth block (P = 1.00). 

It is interesting to note further (see 
Tables 12 and 13) that the Ss in Group 
IV-C-E responded very close to the 3:1 
learning ratio (14.25 to 4.75 expected vs. 
15 to 4 observed). It is surely clear that 
the Group IV-C-E Ss did not show selec- 
tive attention. It is conceivable that their 
comparative learning inefficiency resulted 
from their deficiency of selective sampling 
among common and discriminative cues. 
Noting the response ratios of the Group 


TABLE 12 











Learning Occurrence of 
Stimulus—Response Pair 








Performance After Number Test More Less 
Group First Criterion Blocks of Ss Stimuli Frequent Frequent 
IV-C’-NE No errors 2 C’ and C” 33 14 
IV-C’-E One or more errors 1: C’and C” 16 8 
IV-C-NE No errors 1 Cc 10 9 
IV-C-E 1 : 15 4 


One or more errors 

















pro 
stir 
usu 
cur 
the 
ces: 
an 
an 
to t 
plin 
spo’ 
peri 
init 
had 
bee 
G 
ing 
low 
frot 
that 
resp 
lear 





rt 


d 


d 
yt 
d 


r 
~ 


“Ss =e 











TABLE 13 





THE EFrects oF EXPERIMENTALLY CONTROLLED EXPERIENCE UPON RECOGNITION RESPONSES 21 






OBSERVED AND EXPECTED RESPONSE FREQUENCIES FOR Ss or Exp. IV 








Learning Occurrence of Stimulus—Response Pair 








Group Value Source More Frequent Less Frequent 
IV-C’-NE Observed 33 14 
Expected (Differential Frequency Matching) 34.67 12.33 
Observed 10 9 
IV-C-NE Expected (Selective Sampling) 5 9.5 
Expected (Differential Frequency Matching) 14.25 4.75 





IV-C-E and the Group IV-C’-NE Ss in 
Table 12 (3.75 : 1 and 2.36 : 1, respec- 
tively), the relatively low number of “More 
Frequent” responses on the part of the 
IV-C’-E Ss becomes difficult to account for 
on any basis other than sampling fluctua- 
tion. If the data for the Ss in Groups IV- 
C’-E and IV-C-E are combined, they give 
a total of 31 “More Frequent” and 12 “Less 
Frequent” responses. This is very much 
like the response ratio for the Group IV- 
C’-NE Ss. 

To summarize, this experiment provided 
a test of the hypothesis that responses to 
ambiguous cues are a function of differen- 
tial attention to discriminative as compared 
to common stimulus elements during the 
process of learning the names of relevant 
stimulus figures. The test was based on the 
usual presumption that learning only oc- 
curs with cues actually sampled. This being 
the case, it was assumed possible to detect 
cessation in the sampling of certain cues by 
an initial learning experience followed by 
an altered learning experience subsequent 
to the assumed cessation. If selective sam- 
pling occurred to the given cues, test re- 
sponses to them at the end of the learning 
period should have been in accord with the 
initial learning ; while, if selective sampling 
had not occurred, the responses should have 
been in accord with altered learning. 

Only Ss at high criterion levels of learn- 
ing were used since it appeared likely that 
lower levels of learning may have resulted 
from poor selective attention. It was found 
that Ss who were shown discriminative cues 
responded in accord with the later (altered) 
learning experience, while Ss shown only 





common cues responded in accord with the 
initial learning experience. This supported 
the hypothesis of selective sampling in per- 
ceptual-type situations involving common 
and discriminative cues. 

The data are in accord, moreover, with 
the findings of La Berge and Smith (1957) 
that a change in the partial reinforcement 
schedule associated with the common cues 
shown on test trials produces no change 
in the level of response for Ss near asymp- 
tote but does produce a change for Ss 
further from asymptote. While the theory 
of Restle (1955, 1957) on the adaptation 
of common cues accounts for the general 
findings, it does not contain a sufficiently 
clear formulation of the relationship of 
adaptation to conditioning. Thus, the Ss 
in the present experiment responded quite 
accurately to the common cues which had 
presumably been previously adapted. Restle, 
to be sure, recognizes the phenomenon in 
his recent statement (1959) that “irrelevant 
cues are ‘neutralized’ relative to the relevant 
cues present, and recover if the relevant 
cues are removed or scrambled” (p. 14) as 
well as in his previous comment (1958) 
that, when certain cues are removed, invalid 
cues recover and performance tends to 
change. But it is not apparent just where 
these observations fit into his more formal 
theory of discriminative learning. 

It would seem more economical at the 
present time to consider the sampling and 
conditioning processes separately in accord 
with the formulations of Estes and Burke 
(1953). In this way a given stimulus ele- 
ment may be conditioned to a response but 
be ineffective in eliciting the response be- 








to 
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cause it is not sampled. The probability of 
sampling the given element may be thought 
of as going to zero during the process of 
selective attention. When the stimulus situ- 
ation is changed sufficiently so that the ele- 
ment is again sampled, its previous condi- 
tioning is still effective. 


EXPERIMENT V 


In all of the experiments reported so far 
the Ss learned to associate nonsense names 
with nonsense figures which contained over- 
lapping cues. Following the learning, the 
Ss were required to name a test stimulus 
which contained only cues which were com- 
mon to two or more of the previous learn- 
ing figures. There was, in the terms used 
in the introduction, ambiguity as a result 
of reduction of information when the full 
set of cues was necessary for unique dis- 
crimination. Moreover, the test situation 
and analysis were devoid of phenomenologi- 
cal or “autistic” considerations. Surely it 
would not be easy to argue that an S who 
called a given test stimulus a RUX “really 
saw” the figure with which that name had 
been associated. Such phenomenological 
constructs could be anchored by other as- 
pects of the behavior of the S as well as by 
appropriate questioning. These aspects of 
perception will be discussed more fully later. 

Nevertheless, these considerations led to 
Exp. V. The test stimuli of Exp. V differ 
from those of Figs. 1 and 4 in that their 
ambiguity results from too many, rather 
than too few, cues; and in addition, there is 
probably more of a “really see” reaction 
associated with responses to them. Perhaps 
these should not be listed as two factors be 
cause of their close interdependence, but it 
is convenient to do so to highlight the sepa- 
rate aspects. 

The learning and test stimuli used in this 
experiment were based on those employed 
by Schafer and Murphy (1943). These ex 
perimenters hoped to demonstrate that per- 
ception was influenced by “needs.” They 
attempted to show that, when Ss were re 
quired to name an ambiguous presentation 
consisting of a combination of a previously 
rewarded and previously punished profile, 
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the latter would form the ground while the 
former would stand out as figure. The 
stimuli used by Schafer and Murphy were 
identical to those in Fig. 6 except that each 
of their learning figures also included the 
eye dot of the profile that would be its com- 
pliment when it was presented as part of a 
test figure. 





LEARNING FIGURES TEST FIGURES 
G Go G 


ic. 6. Learning and test4figures for Exp. V. 

In the Schafer and Murphy experiment 
Ss were shown the four half-moon faces 
and were required to learn their names. For 
each S one face in each pair (such as F, 
or F.) was regularly rewarded (2 or 4 
cents given to S) while the other face was 
regularly punished (2 or 4 cents taken from 
S). The test stimuli of Fig. 6 which con- 
tain the combination of both figures of a 
pair, one rewarded and one punished, were 
then shown to the Ss under instructions to 
name them. Fifty-four rewarded as op- 
posed to 13 punished names were given to 
the test stimuli. 

Rock and Fleck (1950) repeated the 
Schafer and Murphy study but failed to 
confirm the previous findings. However, as 
pointed out by Jackson (1954), there were 
several changes in the Rock and Fleck pro- 
cedure that may have accounted for the 
differences in results. Among the changes 
were: younger Ss, the use of symbols rather 
than proper names, the change in “reward 
value” of 2 and 4 cents since 1943, and the 
use of a projection tachistoscope which re- 
sulted in larger faces, lessened clarity, and 
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the absence of a constantly lighted field. 
Jackson repeated the Schafer and Murphy 
study with some modifications, including in- 
creased rewards, and once again showed 
that rewards and punishments had their 
predicted effects. However, when he sub- 
stituted a projector, for presentation pur- 
poses, with a second group of Ss, his find- 
ings concurred with those of Rock and 
Fleck. 

Smith and Hochberg (1954), substituting 
15-in. solid figures for the outline profiles, 
demonstrated that a shock vs. no shock 
condition resulted in findings similar to 
those obtained for monetary reward and 
punishment. Ss gave a significantly larger 
number of nonshocked figure names when 
they were required to name ambiguous test 
figures. 

More recently, Solley and Sommer 
(1957) replicated the Schafer and Murphy 
experiment using children, increased mone- 
tary rewards, and solid profiles. They ob- 
tained a significantly greater number of re- 
warded names when their Ss were shown 
the ambiguous test presentations for one- 
min. periods and were asked to describe 
what they saw. In a second experiment, 
these authors found that Ss reported the 
rewarded profiles as “happier,” “brighter,”’ 
“closer,” and as having a dark line drawn 
around them. Solley and Sommer con- 
cluded that reward “produced a genuine 
figure-ground reorganization” (p. 9). 

Considering these results the purpose of 
this experiment may now be stated: (a) to 
test predictions of the relationship between 
relative frequency of S—R association and 
relative frequency of naming identification 
and (b) to compare the effects of fre- 
quency upon responses with those of re- 
wards and punishments. In addition, be- 
cause of certain modifications introduced 
in the present experiment, some informa- 
tion about the generality of previous find- 
ings might be established. 


Method 
Subjects. The Ss were 66 volunteers from the 


courses in introductory psychology at Indiana 
University. The learning criteria were not met by 
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two of these Ss and, therefore, the data from 64 
Ss were included in the analyses. 

Apparatus. The apparatus employed was essen- 
tially the same as that described in Exp. I. The 
only important difference was in the size of the 
exposure mirrors, which were 3 in. by 3 in. in the 
present experiment. 

Learning and test materials. Each S was re- 
quired to learn the nonsense names of four half- 
moon faces. The four faces used for any S were 
either direct photographic reproductions of those 
faces employed by Schafer and Murphy with the 
eye dot exception as noted previously (see Fig. 6) 
or photographic reproductions of the negative 
images of these faces. This pool of eight figures 
was such that figures could be paired on the basis 
of shared common contours. The test figures con- 
sisted of these paired figures. Thus, if Fi, F2, Gi, 
and G: were shown during the learning phase, the 
pairings F; and F: to produce F and G: and G: to 
produce G were the two test figures. 

The test figures were 2%4-in. photographic repro- 
ductions mounted on cardboard which, upon pres- 
entation, were seen centered in the appropriate 
window. A given face, whether it appeared indi- 
vidually or as part of a test figure, never varied 
from a set location of exposure. The nonsense 
syllables were printed in %-in. india ink capitals, 
on cardboard, such that on presentation they were 
seen as centered in their window. The four non- 
sense syllables used were WOY, JOM, RUX, and 
Te. 

Procedure. The procedure was similar to the 
one used in the previous experiments. However, 
the following intervals were used: exposure of 
stimulus 4 sec., exposure of response 2 secs., inter- 
val between trials 6 secs., and delay after warn- 
ing buzzer 1 sec. 

Eight trials constituted a learning block. On 
any block, one member of a pair containing com- 
mon contours appeared four times while the other 
member appeared once. The ratio of the frequen- 
cies of presentation of the members of the other 
pair was two to one. An example of the relative 
frequencies of presentation of the four faces for 
a given S may be seen in Table 14. 


TABLE 14 


NUMBER OF OCCURRENCES OF LEARNING FIGURES 
PER TRIAL BLOCK FOR ONE POsSIBLE 


Learning 





Figure Frequency 
F, 4 
F; 1 
G1 2 
1 
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The order of presentation of the trials for each 
block was random, An attempt was made to con- 
trol for possible biases for particular faces and 
directions by the use of a counterbalanced design, 
such that for a given S the particular group of 
pairs used, the pair that was shown in the four 
to one ratio, and the member of higher frequency 
within each pair were randomly determined. 

The learning procedure continued until an S 
anticipated perfectly on two consecutive trial 
blocks. After a rest period of 3 min., the S was 
told that following the next perfect block he 
would be shown a new figure and would be re- 
quired to give one of the names of the previously 
learned figures. Following this perfect block the 
S was reminded of his task and then shown a test 
stimulus. The test stimuli were shown for a dura- 
tion of 1% secs., beginning 1 sec. after the sound- 
ing of the warning buzzer. After the first test re- 
sponse, the S was required to anticipate perfectly 
another block and was then shown the second test 
figure. The order of presentation of the test fig- 
ures was random, with the restriction that the 
figures corresponding to the 4:1 and 2:1 pairs 
were shown first an equal number of times. 


Results and Discussion 


Table 15 shows the observed and pre- 
dicted frequencies of responses to the test 
stimuli. The column headed by “Four” 
contains the number of obtained and pre- 
dicted responses designating the name of a 
face that appeared four times per learning 
block. The other columns correspondingly 
contain the number of responses designat 
ing figures which were shown at the fre- 
quencies shown in the column heading. The 
errors are inappropriate responses. Refer- 
ring to Fig. 6, if the Test Figure G were 
shown, a response consisting of the name 
of F, or F, would be inappropriate. If the 
components of the Test Figure G had been 
presented in a four to one ratio, an error 
made to this figure would be represented in 


TABL 





OBSERVED AND EXPECTED RESPONSES TO THE TEST STIMULI IN Exp. V 
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the third column, and if the ratio were two 
to one, in the last column. 

The predicted frequencies refer to the 
number of appropriate responses expected 
on the basis of the hypothesis that the rela- 
tive frequencies of appropriate responses to 
ambiguous cues are equal to the relative 
frequencies of presentation of the names 
associated with these cues during the learn- 
ing phase. 

The differences between expected and ob- 
served values (at least for the 4:1 compari- 
son) are quite large, especially as compared 
with the very close fits obtained in the previ- 
ous experiments. Using a yx? test, the ob- 
served and predicted frequencies differ at 
the .01 level in the 4:1 comparison and at 
the .20 level in the 2:1 comparison. The 
hypothesis of the matching of relative fre- 
quencies of responses and relative frequen- 
cies of occurrence during learning trials in 
this type of situation is certainly not well- 
supported by these data. 

There are a number of differences be- 
tween the present experirhental conditions 
and the earlier ones in this project. First, 
the specific learning figures differ; second, 
the present figures are more meaningful 
than those used previously; third, the am- 
biguity in the test stimuli resulted from an 
increase of cues in the present case, while 
it resulted from an impoverishment of cues 
in the previous experiments; and fourth, 
while certain cues in the previous experi- 
ments were on a partial reinforcement 
schedule, all cues in the present experiment 
received 100% reinforcement. There is one 
other difference which, though less obvious 
than any of the preceding, seems of utmost 
importance. The configurations of cues in 
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Appropriate Inappropriate Appropriate Inappropriate 
Responses Responses Responses Responses 
Learning — ---— ————— -— 
Figures Four One Two One 
Observed 40 21 3 32 23 9 
48.8 12.2 36.7 18.3 


Predicted 
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TABLE 16 


NUMBER OF Ss* SWITCHING AND REPEATING RESPONSES ON THE Two TESTINGS IN Exp. V 














Second Second 
Response Response 
Frequency Frequency 

Row Row 
Four One Sum Two One Sum 

First Two 9 8 17 First Four 13 8 21 

Response Response 
Frequency One 6 2 8 Frequency One 2 5 7 
Column Sum 15 10 Column Sum 15 13 





the stimuli of the present experiment were 
such that the second test stimulus was ob- 
vious to an S once the first test stimulus 
had been seen. This was not the case in the 
previous experiments where the learning 
figures were nonsensical and the test con- 
figurations were arbitrary choices among 
the cues of these figures. Thus, while the 
first and second responses were independent 
in the previous work, the ability of an S to 
predict that the second compound face 
would be shown once the first had been ex- 
posed could lead to a lack of such inde- 
pendence. 

Table 16 divides the appropriate test re- 
sponses into categories defined on the basis 
of first and second responses. Thus, for 
example, it contains the number of Ss who 
gave the names of the learning figures of 
higher frequency on both trials, among 
those who were presented on the first test 
trial with the stimulus whose components 
occurred in a 4:1 ratio and on the second 
trial with the stimulus containing 2:1 com- 
ponents (that is, 13). The results for the 
other combinations are similarly included. 
The differences between response tendencies 
on the first and second trials are not statis- 
tically significant (using Fisher’s exact 
test). However, the very small sample 
sizes make it extremely unlikely that a sig- 
nificant difference would be found even if 
the obtained differences were much more 
extreme. Nevertheless, there are certain 
tendencies evident in the table: (a) a sur- 


® Only Ss who gave two appropriate responses are included in analysis. 


prisingly large number of marginal re- 
sponses of low frequency on the second 
test trial, (b) Ss who give responses of low 
frequency on the first test trial to the com- 
pound face with components shown 4:1 
give more responses of low than of high 
frequency on the second test trial, (c) the 
relative frequencies on the second test trials 
tend to vary with the particular first test 
response given (though not significantly). 
A conclusion of nonindependence is con- 
sistent with the findings of Schafer and 
Murphy (1943). They encountered, in a 
pre-experimental phase, a tendency for Ss 
to respond, on repeated testings, with the 
names of faces pointing in a particular di- 
rection. They attempted to counteract this 
effect by inserting, between each test trial, 
a configuration with only one acceptable 
face which pointed in the direction opposite 
that of the face selected on the previous 
ambiguous trial. However, they found, de- 
spite this attempt at obtaining trial-to-trial 
independence, that after approximately 
eight exposures of an ambiguous figure, 
equal percentages of rewarded and punished 
faces were given. They accounted for this 
finding in terms of a “new set” and con- 
sequently only considered the responses to 
the first half of their test presentations. 
Pastore (1949) criticized Schafer and 
Murphy’s analytical procedure since he felt 
that the cut-off point was a past hoc choice 
dictated by the fact that the hypothesis was 
supported only up to the selected point. 
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Chein, Lane, Murphy, Proshansky, and 
Schafer (1951) countered by saying that 
the choice of the sixteenth trial allowed a 
wide “margin of safety.”” They pointed out, 
further, that the responses after the six 
teenth trial were not random, rather “there 
was clear evidence that another process in- 
truded and took over” (p. 134). 

Rock and Fleck (1950) referred to “a 
certain consistency which develops in re- 
sponding to a situation where there is no 
check on correctness or incorrectness after 
each trial” (p. 775). They suggested that 
“a better, though practically infeasible, pro- 
cedure would be to give, say, 100 Ss each 
one trial with each ambiguous situation in 
order to avoid the contaminating effect of 
earlier presentations of ambiguous figures 
upon subsequent ones” (p. 775). 

On the basis of these observations, the 
first test response of each S was considered 
separately for further analysis. Table 17 
contains the observed and predicted re- 
sponses to the first test stimuli. The devia- 
tions of observed results from those pre 
dicted are indeed small and very far from 
being statistically significant. Thus, there 
is some support for the hypothesis that 
even in a stimulus situation of the sort used 
in the present experiment, the relative fre 
quencies of the various first test responses 
to the ambiguous cues tend to be equal to 
the relative frequencies of occurrence of 
these responses to their associated cues dur- 
ing learning. This does not hold for the 
second test responses, apparently, because 
of a lack of independence. Since the orig- 
inal predictions were made for both test 
trials and the reasoning toward lack of inde 
pendence made a posteriori, these results 
must be cross-validated. 


TABLE 


OBSERVED AND EXPECTED RESPONSES 





Considering the two testings separately, 
there are two types of biases that may have 
been operating to influence the responses 
given to the ambiguous figures. The first 
of these is a preference for giving the 
names of figures pointing in a particular 
direction. Jackson (1954) found a left- 
facing preference for the G figure and sub- 
stituted a new profile set in his replication 
of the Schafer and Murphy (1943) experi- 
ment. Subsequently, he found no direc- 
tional preferences. However, when he 
employed the Rock and Fleck (1950) pro- 
jection procedure he found a left-facing 
preference. In the present experiment an 
analysis of directional preferences revealed 
a left-facing tendency for Test Figure F 
and its mirror image F’, and also for Test 
Figure G and its mirror image G’, although 
the preference was significant only in the 
former case (P=.05). 

The second bias that might have beer 
operating is a structural one: the naming 
of that face of the test figure that is more 
easily seen as a face, ,hat is, “stands 
out more.” For example, if F, were more 
readily seen as a face than F,, its name 
would be given more ofteti independently of 
learning presentation frequency and direc- 
tional considerations (right facing in F, 
left facing in F’). In the present experi- 
ment no such preferences appeared, as none 
of the test figure presentations produced a 
significantly greater proportion of names 
of a particular profile than could be ex- 
pected by chance (P > .30, P > .20 for F 
and F’, and G and G’, respectively). 

In summary of the work with figures of 
Schafer-Murphy type, a number of 
investigations have demonstrated that per- 


the 
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Appropriate Inappropriate Appropriate Inappropriate 
Responses Responses Responses Responses 
Learning a - _ - arte as: 
Figures Four One Two One 
Observed 22 7 17 8 7 
23.2 5.8 16.7 8.3 


Predicted 
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ceptual responses could be predicted by an 
analysis of the previous learning situation 
in terms of rewards and punishments. The 
present analysis, however, not only enables 
us to predict a significant result in a given 
direction but also enables us to predict an 
exact quantitative relationship. And while 
this prediction held for the first testing re- 
sponses only in the present case, the- pro- 
cedure of analysis involving the discarding 
of nonindependent data is the same as that 
used by Schafer and Murphy (1943) (who 
also discarded half their test) ; in fact, this 
mode of analysis conforms to the sugges- 
tions of Rock and Fleck (1950) who be- 
lieved this scheme would provide the most 
cogent test of the hypothesis under con- 
sideration. 

The evidence from these experiments, 
then, points toward the importance of fre- 
quency of S-R pairing during learning in 
determining responses to ambiguous cues. 
In fact, it indicates, under quite general 
conditions, a precise quantitative relation- 
ship between the variables learning fre- 
quency of figures and response frequency to 
figure parts. But, as discussed above in the 
introduction, there are many other factors 
which apparently influence the choice of a 
particular response out of a larger group of 
equally accurate responses to a set of am- 
biguous cues. Some of these are food 
deprivation (Sanford, 1936; Sanford, 1937 ; 
Levine et al., 1942), monetary reward and 
punishment (Schafer & Murphy, 1943; 
Proshansky & Murphy, 1942; Solley & 
Sommer, 1957), electric shock (Smith & 
Hochberg, 1954), and pleasant and un- 
pleasant stories (Solley & Sommer, 1957). 
The remaining experiments in this project 
were directed toward investigation of a few 
of these types of differential reinforcement. 


EXPERIMENT VI 


Recent studies in operant verbal’ condi- 
tioning have shown that the response of 
“Good” on the part of the experimenter is 
effective in producing a significant increase 
in selected response categories. Thus, for 
example, Taffel (1955) found that the re- 
sponse “Good” was an effective reinforcer 


in leading to a significant increase in the 
use of the particular pronouns with which 
it was associated. And Binder, McConnell, 
and Sjoholm (1957) found that “Good” 
was reinforcing in that it led to an increas- 
ing usage of “hostile” rather than “neutral” 
verbs in sentences. (For a thorough review 
of the literature on verbal conditioning see 
Krasner, 1958.) The conditioning effect 
in these studies was found even though the 
tasks were not presented as learning ones 
and the Ss were unaware of both the rein- 
forcement contingency and the actual learn- 
ing process. In the present series of experi- 
ments, interest was of course not centered 
in acquisition during the learning phase but 
rather in the choice among responses to re- 
duced cues subsequent to the achievement 
of criterion. The question was whether or 
not the experimenter’s response of “Good” 
would produce a test bias in favor of the 
figure-name pair with which it was previ- 
ously associated, much as it led to a bias 
toward a particular class of responses dur- 
ing the acquisition in verbal conditioning. 


Method 


Subjects. Twenty-nine Ss from the introductory 
psychology sections at Indiana University were 
used. 

Apparatus and materials. The same apparatus as 
that discussed in Exps. I, II, and III was used. 
The stimulus materials may be seen in Fig. 7, The 
dimensional and other specifications for the stim- 
uli may be found in the Methods section of Exp. I. 
The response syllables associated with the stimuli 
were JOM, VED, NAF, and RUX. 
























































LEARNING FIGURES TEST FIGURES TEST FIGURES 
EXPERIMENTS We WI EXPERIMENT YI EXPERIMENT YL 
A ja 
A ie A 
ja jr 
ww 
O }« 
Z ww | 
O |e i 
O je 











Fic. 7. Learning and test figures for Exps. VI 
and VII. 
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Procedure. The figures and their associated non- 
sense syllables were shown to the Ss by the method 
of paired associates. Figures and names were 
paired randomly over Ss. Except for the experi- 
menter saying “Good” after certain of the Ss’ re- 
sponses, the learning trials proceeded in the manner 
of the previous experiments. 

A learning block consisted of a single appearance 
of each stimulus and its response. The experi- 
menter said “Good” immediately after S gave the 
correct response to either A; or A: on the one 
hand, and either C, or C, on the other. While the 
particular stimulus in each pair (that is, A: or Az 
and C; or Cz) associated with “Good” varied ran- 
domly over Ss, all Ss were reinforced for one 
member in each of these pairs. The reinforcement 
was given after the correct responses to the se- 
lected stimuli, irrespective of whether S had previ- 
ously learned the correct response or had to read 
it upon exposure in the right window. 

Initial criterion requirements consisted of two 
trial blocks of perfect anticipations, and then one 
more perfect block after a 5-min. rest period. 
The first test trial came next, followed by learn- 
ing trials to one more perfect block, and then the 
second test trial, Figures A’ and C’ (see Fig. 7) 
were shown during the testing, one 
randomly) on the first test trial and the other on 
the second test trial. Ss were instructed to respond 
with the “most appropriate” name during the test- 
ing, but no reinforcement was given regardless of 
the actual choice. 


(selected 


Results and Discussion 


The frequencies of the various responses 
to the test stimuli are shown in Table 18. 
The heading “Good” includes names given 
to the test stimuli which were associated 
with reinforcement during the preceding 
learning. The heading Not “Good” has 
similar meaning. There is obviously no 
significant difference between the propor 


TABLE 18 


FREQUENCY OF OBTAINED TEST RESPONSES 
FOR THE SS IN EXPERIMENT VI 








Appropriate Inappropriate 
Responses Responses 
Not Not 
“Good” “Good” ‘Good” ‘“Good”’ 
First Test 
Trial 12 13 4 0 
Second Test 
Trial 11 15 2 1 
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tions of reinforced and nonreinforced re- 
sponses within the category of appropriate 
responses. There is a slight increase in the 
number of Not “Good” responses relative 
to the number of “Good” responses from 
the first to the second test trials. This may 
be related to the experimental condition 
whereby no reinforcement was given during 
the testing. It is interesting to note that in 
six of the seven cases where an inappro- 
priate response was given it consisted of a 
reinforced response. 

The results of this experiment are con- 
sistent with the statement (in a footnote) 
by Jackson (1954), “A third experiment 
substituting simple verbal ‘rewards’ (e.g., 
‘good,’ ‘that’s right’) for monetary influ- 
ences was attempted, but results from six 
subjects suggested that these were not sig- 
nificantly effective in modifying figure— 
ground perception” (p. 340). 

Although the experimenter’s response 
“Good” apparently had no effect on the 
choice of names in test responses to the 
ambiguous cues, the question arises as to 
whether or not it had any effect during the 
learning process. That is, was there faster 
learning of the figure-name pairs associ- 
ated with “Good” as compared with the 
figure-name pairs for which the experi- 
menter gave no response? Fig. 8 gives the 
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Fic. 8. Total errors over learning blocks for Ss 
in Exp. VI. 


learning curves of total number of incor- 
rect anticipations per learning block over 
all Ss for both “Good” and Not “Good” 
figures. There is little basis to believe that 
there is any difference in the efficiency of 
learning names reinforced by “Good” as 
compared with names not so reinforced. 
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Of course, the learning situation under 
consideration is quite different from the 
situation in the typical verbal conditioning 
experiment, where all response classes are 
immediately evident and learning is meas- 
ured by an increase in the usage of one of 
these response classes at the expense of 
others. 

The evidence, then, indicates little effect 
of the experimenter’s response of ‘“‘Good” 
upon the determination of responses to am- 
biguous cues or upon the facility with which 
responses in paired-associates learning are 
acquired. Accordingly, in the next experi- 
ment attention was focused upon a type of 
stimulation which seemed more likely to 
produce a learning effect. 


EXPERIMENT VII 


Electric shock was used as punishment 
in this experiment. The effects of punish- 
ment upon the determination of responses 
to ambiguous cues have been studied by 
Schafer and Murphy (1943), Proshansky 
and Murphy (1942), Rock and Fleck 
(1950), and Jackson (1954). But in these 
experiments any effects of punishment were 
completely confounded with those of re- 
ward, since one set of cues in every am- 
biguous configuration was previously always 
associated with the award of money while 
the other set of cues in the ambiguous con- 
figuration was associated with the with- 
drawal of money. 

Smith and Hochberg (1954) used Scha- 
fer and Murphy type figures to investigate 
the effects of electric shock upon perceptual 
responses. Each face was exposed for } 
sec. during learning trials, with one face in 
each reversible pair always associated with 
electric shock. As in previous studies, 63 
presentations of the reversible figures were 
shown during test trials. There was a sig- 
nificantly greater number of nonshocked 
than shocked test responses over their en- 
tire group of 20 Ss. Smith and Hochberg 
concluded that “. . . the ‘punishment’ 
(shock) procedure did affect the selection 
of the figure perceived” (p. 86). They con- 
sidered their primary problem similar to 


that of Lazarus and McCleary (1951) who 
administered electric shock to Ss in associ- 
ation with certain nonsense syllables. In a 
series of tachistoscopic test trials, Lazarus 
and McCleary then found that the average 
GSR for previously shocked syllables was 
higher than for nonshocked syllables de- 
spite incorrect recognition responses. Smith 
and Hochberg, contrary to Lazarus and 
McCleary, found explanations which did 
not involve “subception” or “perceptual de- 
fense” more consistent with their data. 

In the Smith and Hochberg experiment, 
the electric shock accompanied presentation 
of the shocked face. This is not an entirely 
satisfactory procedure since the shock may 
serve as a cue, since it is a part of the total 
stimulus configuration, and thus function 
like any other cue during the test trials. 
Accordingly, in the present experiment the 
electric shock was presented subsequent 
to the naming response of the S. To be 
sure, this is contrary to the efforts of 
Lazarus and McCleary “.. . to avoid associat- 
ing the shock with the subject’s verbal report 
and thus influencing his response prefer- 
ence during the final test period” (p. 117). 
But in the present series of experiments 
interest was focused upon the responses 
made in recognition situations and the fac- 
tors which influence these responses, and 
not in evaluation of such perceptual con- 
structs as “autism,” “subception,” and 
“really see.” Specifically, the question to 
which the experiment was directed was 
whether or not electric shock leads to a 
decrease in the tendency to use the response 
previously associated with a stimulus con- 
figuration when the configuration tends to 
evoke that response as well as others. 

In order to assess the effects of differ- 
ences in the intensity and method of admin- 
istration of the electric shock, three groups 
of Ss were run. For one group, a fixed 
shock was used for all Ss; for the second 
group, the intensity of the shock admin- 
istered to a given S depended on his verbal 
reports; and, for the third group, an at- 
tempt was made to persuade each S to take 
a higher intensity of shock than he would 
have received if he were in the second 


group. 
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Method 


Subjects. All Ss were students of introductory 
psychology at Indiana University. A total of 92 
Ss were run, 21 in Group VII-FS, 29 in Group 
VII-VS1, and 42 in Group VII-VS2. 

Apparatus and materials. The apparatus for the 
controlled exposure of paired associates, as de- 
scribed in Exp. I, was used. The electric shock 
was administered by a constant current device, 
calibrated in milliamperes. The maximum possible 
shock was 10 milliamperes. 

The learning figures and test stimuli used in this 
experiment may be seen in Fig. 7; the nonsense 
syllables RUX, VED, JOM, and NAF were 
paired with them. The stimuli lettered A and ( 
in Fig. 7 were shown during the test trials. 

Procedure. The Ss in all groups were presented 
with the figures and nonsense syllables as paired 
associates during learning. A learning block con- 
sisted of the presentation of each figure-name 
pair once. Electric shock was administered to all 
Ss during the learning trials in association with 
either A; or A: and its response, and also in asso- 
ciation with either Ci or C: and its response. The 
particular member within each of these pairs which 
was shocked was selected randomly over Ss 

All Ss were told that “a very mild electric 
shock” would be administered and were given a 
chance to leave if they objected to the shock for 
either medical or personal reasons, An effort was 
made to dissuade from leaving those Ss whose 
objections seemed based on anxieties very little 
above the general public’s fear of electricity 
Nevertheless, about 5% of the total available set 
of Ss were lost at this stage. 

All Ss in Group VII-FS were given a 
of six milliamperes. The intensity of the shock 
for the Ss in Group VII-VS1 was set at that 
level which produced the verbal report indicating 
a pain threshold. Thus, after the electrodes were 
adjusted on the wrists of the Ss and before th 
experiment was started, the following instructions 


shock 


were read: 

I would like to establish the intensity of the 
electric shock that will be administered during 
the course of the experiment. As I gradually 
increase the current intensity through a series 
of trials, I would like you to tell me the level at 
which you find the shock “just painful.” Before 
each trial, I will say, “Ready” and then admin- 
ister the electric shock. Remember, I want you 
to tell me when the shock is “just painful.” 
The first level of shock administered was zer¢ 

milliamperes, the second 2 milliamperes, the third 
4 milliamperes, and so on through 6, 7, 8, 9, and 
10 milliamperes. The series of increases was 
stopped either at 10 milliamperes or whenever the 
S reported pain. 

An attempt was made to get the Ss in Group 
VII-VS2 to accept a current somewhat above the 
“just painful” level for the Ss of Group VII-VS1. 
The preliminary instructions, after the electrodes 


were fastened, for these Ss were like those 
reported above for the Ss in Group VII-VSI. 
However, the first shock administered was two 
milliamperes, and this was increased by two mili- 
ampere steps to 10 milliamperes. Additional com- 
ments were made during the succession of increases 
in order to make each S a little less self-conscious 
during the process. Thus, prior to the two milli- 
ampere shock, E said, “Here is the lowest shock 
level. Usually people do not feel anything at the 
first shock intensity. Ready?” And after this 
shock was administered, E asked, “Did you feel 
anything?” Such comments as, “Now the second 
level,” “Feel anything?” and “How was that?” 
were made during the subsequent course of inten- 
sity determination. When a level of current was 
reached after which the S reported that he could 
take no more, or that the shock was too painful, 
or that he wanted to stop, E said, “May I try it 
just a little higher? If it is too high I would be 
glad to turn it back down.” After obtaining per- 
mission, the current was increased by one milli- 
ampere. Four Ss refused to try the increase, and 
only three insisted on the reduction after the in- 
crease was made. 

Learning proceeded to a criterion of two perfect 
blocks, a 5-min. rest period, and then another 
block of perfect anticipations. Two test trials 
were then given with the trials necessary for one 
more perfect block coming between them. On the 
test trials both Stimuli A artd C were shown (see 
Fig. 7), in random order, to all Ss under instruc- 
tions to respond with the most appropriate name. 

At the conclusion of the experiment all Ss were 
asked to state why they gave their particular re- 


sponses. 


Results and Discussion 


The mean shock intensities for the Ss in 
Groups VII-VS1 and VII-VS2 were 8.2 
and 9.1 milliamperes, respectively. The ef- 
forts to persuade the Ss in Group VII-VS2 
to accept higher levels of shock were ap- 
parently effective. 

The response frequencies to the test stim- 
uli in terms of previous association with 
shock or not-shock may be seen in Table 
19. The responses are grouped into “ap- 
propriate” and “inappropriate” categories. 
It is perhaps most useful to consider ini- 
tially the consistent pattern of alteration 
over all subject groups from first to second 
test response. In each case there is a clear 
shift toward more shocked responses and 


fewer not-shocked responses. Since no 
shock was administered during the test 
trials, it would seem reasonable to assume 


that this absence is the basis for the altera- 
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TABLE 19 
FREQUENCY OF OBTAINED TEST RESPONSES 
FOR THE Ss IN Exp. VII 

Appropriate Inappropriate 
Responses Responses 

Not Not 

Shocked Shocked Shocked Shocked 
Gp. VII-FS 

First Test 9 10 1 1 
Second Test 12 8 0 1 


Gp. VII-VS1 





First Test 5 21 2 1 

Second Test 11 18 0 0 
Gp. VII-VS2 

First Test i4 23 3 2 

Second Test 19 18 4 1 
tion. This is consistent with the findings 


of Exp. VI. 

Accordingly, primary attention was paid 
to the responses to the first test stimulus 
for each $ in determining the e fects of the 
previous shock upon responses to the am- 
biguous cues. It is clear that the shock of 
fixed intensity had no significant effect upon 
the responses to the first test stimuli by the 
Ss of Group VII-FS. The deviation from 
equal response freqencies for the Ss in 
Group VII-VS1, on the other hand, is sig- 
nificant at the .01 level (using the binomial 
test). In contrast, the deviation from 
chance responding for the Ss in Group 
VII-VS2 is not significant (using the x’ 
approximation since the cell frequencies are 
sufficiently large). To be sure the discrep- 
ancy goes in the right direction in that more 
Ss gave a not-shocked response than a 
shocked response. But the ratio in that di- 
rection was only about 1.5 to 1 where it was 
more than 4 to 1 for Group VII-VS1. 
Assuming that the difference between 
groups is not merely chance, the evidence 
thus indicates that the extra efforts of E 
to persuade the Ss to accept a higher level 
of shock decreased rather than increased 
the effect of the shock. 

How can one account for this seemingly 
odd result? First, it must be remembered 
that seven Ss did not accept the one milli- 
ampere increase in shock intensity during 
the shock adjusting trials. Presumably these 
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seven Ss were among those for whom the 
shock was most upsetting. To a certain 
extent at least, then, there may have been 
a tendency for the increase in average shock 
intensity for Group VII-VS2 as compared 
with Group VII-VS1 (9.1 vs. 8.2 milliam- 
peres) to be associated with Ss who were 
least disturbed by shock. 

One other factor must also be considered. 
This is related to the finding that differ- 
ences in the personalities of experimenters 
can produce differential learning effects in 
verbal conditioning (Binder et al., 1958). 
While the same E ran all three groups of Ss 
in the present case, we note the slight in- 
crease in participation of E with Group 
VII-VS2 as compared with Group VII- 
VS1. While the goal was to make each S 
less self-conscious of the shock during the 
preliminary attempt to fix the maximum 
possible intensity, E’s increased responsive- 
ness may have had a kind of psychothera- 
peutic result in ameliorating the painful 
effects of the shock. 

The comments of the Ss at the conclusion 
of the experiment as to their reasons for 
giving their responses are of some incidental 
interest. These comments indicate that the 
test responses were generally not “inter- 
pretive” in the sense that some writers on 
perception use the term: that is, there was 
no concomitant implicit relating of shock 
and response alternatives prior to naming 
the ambiguous stimulus. Thirteen of the 
total of 92 Ss in Exp. VII related their 
choice of test responses to the previous 
shock during learning, and, of these, five 
actually gave shocked responses to the am- 
biguous cues. Among the stated reasons for 
test response choice are the following 
quotes, which are slightly paraphrased—the 
numbers and symbols following each quote 
indicate whether the S who made the par- 
ticular statement gave two shocked (2S), 
two not-shocked (2NS), or one shocked 
and one not-shocked (1S, 1NS) responses: 
Remembered them more strongly (2S) 

First two learned (2NS) 

Liked those stimulus words better, sounded prettier 
(2NS) 

Paid no attention to the shock (1S, 1NS) 


Looked more alike (1S, INS) 
Easier to remember, especially JOM (1S, 1NS) 








Didn’t want to get shocked again (2NS) 
RUX always shocked and used to saying it (2NS) 
First thought of (1S, 1NS) 


Both circles, means nothing, so like a blank space 


(2NS) 
Knew it best, first one should have been JOM, 
I guess, because of jagged line (2NS) 
Just stuck in my mind (2S) 
Both were circles and therefore easier to remem- 
ber (1S, 1NS) 
3ecause these were ones shocked (2S) 
Most Ss stated that there was no reason 
for their particular choices, and next in 
order of frequency were statements indicat- 
ing ease of remembering and priority of 
learning. Interestingly enough, and in ac- 
cord with the findings in the area of verbal 
conditioning, most Ss indicated during the 
conversation following the experiment that 
they were not aware of the particular pairs 
that were punished. 

The results of this experiment, then, in- 
dicate that, when Ss are confronted with an 
ambiguous situation in which a previously 
shocked and a previously unshocked name 
are appropriate, they will tend to respond 
with the unshocked name. This conclusion 
stems not only from the significant differ- 
ence for Group VII-VS1, but also from 
the consistency of results (though insig- 
nificant) over all groups. 

The effects of the shock upon acquisition 
during the paired associates learning trials 
may be seen in Figs. 9, 10, and 11. (The 
curves for Group VII-VS2 are somewhat 
curtailed since one individuai made one 
error to a shocked stimulus in Block 19 and 
two errors to a not-shocked 
Block 21.) Particularly noticeable 
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Fic. 9. Total errors over learning blocks for Ss 
in Group VII-FS 
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Fig. 10. Total errors over learning blocks for| 
Ss in Group VII-VS1. 


consistent tendency for more errors to be 
associated with the shocked than the not- 
shocked stimuli from about the third to the| 
eighth block. After approximately the} 
eighth block (but varying between the | 
seventh and tenth blocks for the different] 
groups) there does not seem to be any con- 
sistent pattern. Despite the general con-} 
sistency of these intervals in which more 
errors occur to the shocked than the not: 
shocked stimuli, thefe are obvious differ- 
ences among the intervals. And these are, 
interestingly, related to the differences 
among the groups in the ratio between 





shocked and not-shocked responses to the 
test stimuli. Thus, the length of the interval 
for Group VII-VS1 is approximately seven 
blocks; that for VII-VS2, six blocks; and 
that for VII-FS, four blocks. 
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Fic. 11. Total errors over learning blocks for 
Ss in Group VII-VS2. 
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A final comparison of some interest in- 
volves the proportion of errors, subsequent 
to the initial criterion of two perfect blocks, 
which were associated with shocked and 
not-shocked stimuli, respectively. These 
proportions and the frequencies which they 
represent may be seen in Table 20. The 
over-all difference of 38 shocked as against 
19 not-shocked errors is significant at the 
.02 level (using x’). 

Thus, the electrical shock seemed to have 
some effect in interfering with the learning 
of the stimulus—response connections with 
which it was associated, as well as leading 
to a difference in response tendencies to 
ambiguous cues. There is no compelling 
evidence indicating that the testing differ- 
ences are accountable solely on the basis 
of the learning differences, nor the con- 
trary, for that matter. 


OvER-ALL DISCUSSION AND CONCLUSIONS 


An immediate question that arises with 
respect to the frequency results is whether 
they are accountable on the basis of the 
development of response biases, rather than 
on the basis of recognition responses asso- 
ciated with particular stimuli in the previ- 
ous learning trials. In other words, would 
comparable results have been obtained if 
blank cards had been shown during the test 
trials in place of the stimuli of reduced 
cues? Goldiamond and Hawkins (1958), 
for example, have shown that, under cer- 
tain restrictive conditions, the relationship 
between word frequency and tachistoscopic 
threshold can be explained in terms of re- 
sponse biases. In their experiment, after a 














TABLE 20 
PROPORTIONS OF ERRORS AFTER INITIAL CRITERION 
IN Exp. VII 
Not 
Shocked Shocked 
Gp. VII-FS 70% (7) 30% (3) 
Gp. VII-VS1 66.7% (6) 33.3% (3) 
Gp. VIi-VS2 65.8% (25) 34.2% (13) 
Total 66.7% (38) 33.3% (19) 





Note.—Values in parentheses give actual numbers. 


series of training trials involving the pres- 
entation of nonsense syllables at differential 
frequencies, Ss were shown blank flashes 
at tachistoscopic speeds under instructions 
to respond with one of the previously 
learned syllables on each trial. A simulated 
method of limits was used. Goldiamond 
and Hawkins suggested that their results 
indicating the operation of response biases 
are generalizable to other types of studies 
establishing relationships between frequency 
and recognition thresholds. 

There is evidence to indicate that in the 
present experiments the important fre- 
quency variable in determining test re- 
sponses is the relative frequency of occur- 
rence of a given stimulus under conditions 
in which the response in question is appro- 
priate, and not merely the relative frequency 
of that response during the learning trials. 
First, there are the very few inappropriate 
responses during the test trials, which in- 
dicates that the Ss were certainly attentive 
to the test stimuli. Second, the situations 
in which the relationship between relative 
frequencies during learning and relative 
frequencies among responses to ambiguous 
cues did not hold provide further evidence. 
Consider the Ss in Group II-C and those 
in Exp. III: the relationship held with the 
latter but not with the former. Since the 
only difference in experimental conditions 
between the two groups was in the relative 
frequencies during learning (3:1:1:1 vs. 
3:2:2:1), it is difficult indeed to see how 
the discrepancy in results between the two 
groups of Ss can be explained by response 
biases, without stimulus considerations. 
(Stimulus considerations were of course 
essential to the explanation offered earlier 
for the discrepancy.) In the case of the 
Groups I-U and II-AB to Test Stimulus A, 
the discrepancy in results was associated 
with the presence and absence of a supple- 
mentary set of figures and names (the C;’s) 
during learning. The source of the difficulty 
seemed to be a stimulus confusion between 
A, and C,. Moreover, during learning the 
frequencies of the appropriate responses to 
the test stimuli were identical for the two 
groups, so response frequency per se is 
certainly not adequate to explain the dis 
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crepancy. The C; figures and their names 
are somehow involved, and it is not clear 
how their presence or absence can affect 
response biases. 

The third line of evidence indicating that 
the results of the analysis of frequency in 
recognition are not explainable in terms of 
response biases stems from considerations 
of the actual frequencies of the various 
responses during the learning trials of the 
Ss in Exp. III. These particular Ss were 
chosen since all possible test responses were 
appropriate for them and they showed al- 
most perfect correspondence between learn- 
ing and test relative frequencies. Table 21 
shows the number of erroneous responses, 
for each block of the paired-associates 
trials, consisting of names occurring three 
times, twice, and once per block, respec- 
tively. When an erroneous anticipation was 
of a form which was not clearly classifiable 
in terms of frequency, it was not included 
in the analysis. Examples of responses so 
excluded are GAF (derived from GEP and 
NAF), TUX (derived from TUZ and 
RUX), and VAL (derived from VED and 
KAL). In about 25% of the cases of errors 
in anticipation, the Ss gave no responses 
prior to the time the name appeared in the 


TABLE 21 


CLASSIFIABLE ERRONEOUS ANTICIPATIONS DURING 
LEARNING BLocks oF Ss IN Exp. III 











Frequency of S-R Pair 


w | 





Block 3 1 
2 14 65 31 
3 13 45 32 
4 10 29 15 
5 3 19 12 
6 3 11 6 
7 3 9 3 
8 0 3 1 
9 1 3 3 
10 0 2 0 
11 0 1 0 
12 0 1 0 
Total, 
Blocks 2-4 37 139 78 
(0.48) (1.78) (1.00) 
Total, 
Blocks 5-12 10 49 25 
(0.40) (1.96) (1.00) 
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right window; these could of course not be 
considered in this tabulation. 

If the differential frequencies of test re- 
sults are explainable as response biases, 
these biases have surely developed during 
the learning trials and should be evident in 
the response tendencies during learning. 
Thus, whenever an erroneous anticipation 
occurs, one would expect that it is more 
likely to be a high frequency than a low 
frequency name and that this tendency will 
increase over the learning trials. The for- 
mer is difficult to evaluate because of the 
complication that an S who responds to a 
stimulus figure in accord with a response 
bias and independently of the actual stim- 
ulus is more likely to be correct when he 
gives a high frequency rather than a low 
frequency name. But, despite this com- 
plication, if response biases are operative, 
the trend over learning blocks should be 
apparent in the proportions of erroneous 
anticipations for the S-R pairs of differing 
frequency. Table 21 shows no such trend. 
The numbers have been summed over blocks 
two to four as well as over all blocks from 
five on to facilitate this evaluation further. 
These totals are also included in Table 21; 
the parenthetical values are the totals in 
terms of the number in the right hand col- 
umn as a unit. There is surely no evidence 
for the operation of response biases in 
these data. 

As a final indication of the importance 
of stimulus factors in determining test re- 
sponses we have the data on selective sam- 
pling. The Ss in Group IV-C’-NE and 
those in IV-C-NE differ markedly in their 
proportions of various test responses, yet 
both groups gave the same average numbers 
of all of the various responses during learn- 
ing. Similar comparisons may be made 
among other groups in Exp. IV that dif- 
fered in either specific test stimulus or 
errors during criterion trials, but not in 
response frequencies during the learning 
trials. 

Turning now to another aspect of the 
frequency analyses of responses to ambig- 
uous cues: it is perhaps not unreasonable 
to assume on the basis of the data from 
groups that an individual’s probability of a 
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given recognition response to a set of am- 
biguous cues will be equal to the relative 
frequency of his previous S—R experiences 
with the named stimulus object. 

The findings are especially interesting 
when consideration is given to the deduc- 
tions and empirical evidence stemming from 
statistical learning theory. Estes and 
Straughan (1954) used an experimental 
situation involving a given set of stimulus 
elements and two response classes, with 
respective probabilities 7 and 1-7 of being 
reinforced. They demonstrated mathemati- 
cally and empirically that asymptotic prob- 
ability of response is equal to probability of 
reinforcement under their specified condi- 
tions. Burke and Estes (1957) later showed 
that statistical learning theory predicts that 
response probability approaches reinforce- 
ment probability regardless of the distribu- 
tion of sampling parameters (Estes and 
Straughan had assumed them equal for all 
elements). Finally, Estes (1957b) has pre- 
sented the most general asymptotic match- 
ing formulation, showing that cumulative 
response proportion tends toward cumula- 
tive reinforcement proportion no matter 
how the latter varies over a series of trials. 
Moreover, in this presentation Estes allowed 
any number of alternative response classes. 

Since the Ss in the present experiments 
were required to correct all wrong anticipa- 
tions upon exposure of the response sylla- 
bles, the present experiments satisfied the 
necessary conditions of statistical learning 
theory that each possible response must 
have an associated reinforcement which, 
when present on a given trial, assures that 
the response will terminate the trial. Using 
the terminology of the statistical learning 
theorists (see Estes, 1957b, for example), 
the nonsense names appearing in the right 
windows of the present experiments cor- 
respond to the set of reinforcing events 
(E,, E2, ..., E,), the naming responses 
of the Ss to the set of alternative responses 
(A,, As, ..., A,), and the relative fre- 
quency of occurrence per trial block for the 
various stimulus—response pairs to the rein- 
forcement probabilities (71, 72, ...,7,)- 

Working within the framework of sta- 
tistical learning theory, Peterson (1956) 


used an anticipatory technique to establish 
two verbal response hierarchies by associat- 
ing responses consisting of English nouns 
with pairs of nonsense syllables used as 
stimuli. One of the syllables in each non- 
sense stimulus pair was common to another 
stimulus pair and thus conditioned to two 
noun responses, while the other syllable was 
unique and conditioned to a single response. 
He found, in word association test trials 
involving the presentation of the ambiguous 
nonsense syllables (those common to two 
noun responses), that the observed relative 
frequency of response was equal to rein- 
forcement probability (as corrected for the 
slight dissimilarity between learning and 
testing situations). 

Schoeffler (1954) used test patterns com- 
posed partly of stimuli to which a given re- 
sponse had been conditioned, partly of stim- 
uli to which a competing response had been 
conditioned, and partly of stimuli to which 
neither the given nor the competing response 
had been conditioned. His stimuli consisted 
of light patterns selected from a group of 
24 lights, and his responses of movements 
of a lever to the right or left. He found 
that the probability of a response to a test 
pattern is equal to the proportion of stim- 
ulus elements in the test set that are condi- 
tioned to the response. It should be noted 
that Schoeffler produced ambiguity in his 
test stimuli by presentations containing too 
many cues. 

The finding in the present experiments of 
a close correspondence between relative fre- 
quencies of presentation during learning 
(reinforcement probabilities) and relative 
frequencies of test responses provides gen- 
eral support for the asymptotic expecta- 
tions based on statistical learning theory. 
However, it must be noted for the experi- 
ment involving the faces (Exp. V) that, 
since all cues were given 100% reinforce- 
ment, the analyses of Estes and Straughan 
(1954), etc. do not lead necessarily to the 
prediction of matching of test response and 
learning relative frequencies—that is, if one 
assumes a high degree of selective sampling 
such that the common elements have a com- 
paratively low probability of being sampled. 
Deviations from matching would be ex- 











pected to be in the direction of equal fre- 
quencies between the two alternatives 
(which is in accord with the results shown 
in Table 15). But the status of the common 
elements in this particular experiment is 
not at all clear because of their central, 
attention-getting characteristics. 

Let us consider the other general result, 
namely, that Ss who learn to make discrimi- 
nating responses indicating recognition on 
the basis of configurations can make accu 
rate discriminations using parts of these 
configurations. In only one of the six 
comparisons in Exp. I did the frequencies 
of appropriate and inappropriate responses 
to the test stimuli differ significantly from 
the frequencies expected purely as a result 
of the Ss not having achieved perfect learn 
ing levels. Moreover, the results of the sub- 
sequent experiments seemed to confirm this 
general result. 

These results of appropriate and inappro- 
priate response frequency have important 
implications for conceptualization in statis 
tical learning theory. They indicate the 
limitations of the approach involving com- 
ponent elements where stimulus events or 
elements are equated with cues and no al- 
lowance is made for the interaction of cues 
or the discriminations based upon configura- 
tions. Thus, a component approach would, 
in the present experiments, involve identi 
fying various cues (circle or triangle, wavy 
or straight line at top, slanted line in right 
or left corner as in Fig. 1) or their parts 
as stimulus elements without assigning 
stimulus elements to patterning effects 
(such as a triangle with a wavy line above 
it). The stimulus elements associated with 
the pattern would be the stimulus elements 
identified separately with the components 
of the pattern and nothing more. 

Estes (1957a) has questioned the ade 
quacy of the component approach in sta 
tistical learning theory and pointed out the 
improvement in predictions resulting from 
considerations of pattern or configuration. 
In terms of the present experiment, statis- 
tical analysis of the stimulating situation 
based upon components leads to the pre 
diction of many more inappropriate re- 
sponses than were actually obtained. Let us 
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demonstrate this under the assumptions that 
all stimulus elements had been perfectly 
conditioned prior to test trials and that the 
Ss had learned to sample selectively early 
in learning. The present argument would 
be even stronger (though more difficult to 
present) without these assumptions. 

Consider the stimulus elements associ- 
ated with exposure of Test Figure A (see 
Fig. 1) in accord with a component-element 
approach, using Group I-E as an example. 
One-fourth of the stimulus events sampled 
in observing the triangle have been con- 
nected to the name of Figure A,;. One- 
fourth of the events have been connected to 
the name of As, another fourth to the name 
of C;, and the final fourth to C,. Similarly, 
the stimulus events associated with the line 
above the triangle in A have been evenly 
conditioned among the responses to Ay, A», 
B:, and B,. There would seem to be no 
basis for assuming that events connected 
with the names of A; and A, are any more 
likely to be sampled on a given testing trial 
than other events. Thus, since the proba- 
bility of a given response is considered equal 
to the proportion of stimulus events in the 
population which are conditioned to the re- 
sponse, the probability of the name of A, 
to A is }; the name of Az, 4; either the 
name of B, or the name of Cs, 4; and either 
the name of B. or the name of C,, +. This 
leads to the expectation of 50% appropri- 
ate and 50% inappropriate responses to 
Test Stimulus A. A similar analysis may 
be made for Test Stimulus B for the Ss in 
Group I-E. A comparable analysis for the 
Ss in Group I-U involves some complica- 
tions due to the unequal trial-block fre- 
quencies, but can be expected to produce 
similar results. 

Thus, some of the results which would be 
predicted on the basis of a stimulus-com- 
ponent approach to statistical learning 
theory are at considerable variance with 
the obtained results. This clearly indicates 
the desirability of component interaction or, 
in other words, patterning considerations. 

The same data also indicate the dangers 
in going too far in configurational emphasis. 
The findings on appropriate and inappro- 
priate responses raise questions for the 
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| gestalt interpretation of the phenomena of 


recognition. Thus, Koffka (1935) states: 

In applying the law of similarity to the selection 
of a trace by a process one has to exercise great 
care. One must bear in mind that similarity must 
exist between, and therefore be defined in terms 
of, the process and the trace; hence similarity or 
partial identity between the two sets of stimuli 
which give rise to the formation of the trace and 
the process now occurring is not an adequate 
criterion for the application of the law. And there- 
fore any explanation like the following one is 
essentially wrong: If an organism has reacted in 
a certain way to the stimulus complex A B C 
DEF, it will later respond in the same way to the 
recurrence of a part of this complex, say B C D. 

. We know that the response to a stimulus 
complex is not the sum of all responses to its 
individual components, but an organized pattern 
in which each part depends upon the organization 
of the whole (p. 601). 

Koffka does, however, allow set or atti- 
tude- much influence in producing commu- 
nication between “process and trace.” As 
an example of this he shows how, under 
the influence of proper set, a previously 
experienced figure is seen as part of the 
stimulus complex of a more complicated 
figure. Perhaps a gestalt psychologist might 
argue that, since the Ss had to make dis- 
criminations on the basis of all cues in the 
complex, this produced an attitude which 
enabled them to discern and utilize the re- 
lationship between stimulus complex and 
stimulus part. 

In summary, the results of the experi- 
ments dealing with learning frequency pro- 
vide very convincing evidence of a direct 
relationship between learning frequency 
and perceptual response frequency. More- 
over, these results provide a set of condi- 
tions under which the relationship breaks 
down. In addition, the matching of learning 
and recognition frequencies was useful in 
the investigation of selective attention in 
perceptual learning. It was found in this 
experiment that Ss who maintain errorless 
responding after attaining initial criterion 
levels tend to respond on test trials in a 
manner which indicates selective attention 
to cues during the process of learning per- 
ceptual responses. For these individuals, 
common and discriminative cues among the 
stimuli during learning differ in their avail- 


ability for association with the various re- 
sponses, 

Surely it is clear that a good deal of addi- 
tional evidence must be accumulated before 
the phenomena of selective attention in rec- 
ognition become clarified. Further work 
might also very profitably be aimed at the 
precise specification of the conditions under 
which the relationship between relative fre- 
quency of occurrence during learning and 
relative frequency of perceptual response 
does and does not hold. This would seem to 
have important implications not only for 
an analysis of such ambiguous stimulus 
phenomena as tachistoscopic and projective 
presentations, but also for statistical learn- 
ing theory. Indeed, the results obtained 
here provide at least a partial bridge be- 
tween the two areas. 

The results of the experiments involving 
reward and punishment during learning are 
not as clear or compelling. Surely the indi- 
cations are that shock in association with 
a recognition response during learning 
makes that response less likely to occur than 
another appropriate response for an am- 
biguous cue configuration. The experi- 
menter’s response of “Good” apparently has 
no comparable influence in determining re- 
sponses to ambiguous cues. 

An important consideration in studies on 
the effects of reward and punishment upon 
perception is the point at which the rein- 
forcement occurs during the learning trials. 
Proshansky and Murphy (1942) apparently 
presented their rewards and punishments 
approximately simultaneously with their 
various stimuli, although the exact timing 
is not made clear in their article. Moreover, 
the Ss made no overt responses during the 
training period. Schafer and Murphy 
(1943) report that reward and punishment 
came after S had repeated aloud the name 
which the experimenter had presented 
orally just prior to exposure of the face. 
The sequence in the case of the experiments 
of Rock and Fleck (1950) and Jackson 
(1954) was as follows: name told by ex- 
perimenter, stimulus presented, S repeated 
name, and, finally, reward or punishment 
given. Apparently, Solley and Sommer 
(1957), however, presented the stimulus 
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first, then pronounced the name for the S, 
and administered reward at some time after 
the face appeared. No specific mention is 
made of whether the Ss did or did not pro- 
nounce the names during the training series, 
but miscellaneous comments in their article 
give the impression that the Ss did not do 
so. Smith and Hochberg (1954) adminis- 
tered shock simultaneously with the pres- 
entation of the stimuli. For the first 12 
trials, the name was given to each S prior 
to each presentation, and thereafter S called 
out the name of every figure after it was 
shown. 

The administration of reward and/or 
punishment after exposure of the stimulus, 
but prior to the response of the S (whether 
overt or not), does not seem reasonable if 
one is interested in the reinforcement as- 
pects, rather than the cue aspects, of the 
reward and/or punishment. This is 
obvious in the case where either reward or 
punishment is associated with one stimulus 
and nothing with the other stimulus of an 
ambiguous team. The finding of Smith and 
Hochberg, for example, of significantly 
more unshocked than shocked responses to 
the ambiguous test stimuli is explainable in 
terms of the absence of the electric shock 
as a cue for one of the two possible re- 
sponses. One further difficulty in many of 
these studies is that the relationship between 
reward and punishment, on the one hand, 
and the conditions of learning, on the other, 
is obfuscated because the correct responses 
were given either prior to or immediately 
after exposure of the stimuli, giving the 
Ss no chance for anticipation and subse 
quent reinforcement or correction. (There 
is evidence, as one might expect, that the 
Ss in these experiments showed very ineffi- 
cient learning, as demonstrated by enormous 


most 


numbers of erroneous test responses. This 
is discussed by Rock and Fleck, 1950 
But associating reinforcement with re- 


sponse in paired-associates learning, as in 
the present experiments, is objectionable to 
those who argue that such a procedure may 
affect the response but not the perception. 
To illustrate this position, in the case of 
their experimental situation involving shocl 

Smith and Hochberg (1954) distinguish be 
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tween “autism” and “inhibition of the 


verbal ‘naming’ response,” and indicate that 


their procedure produced the autistic effect 
without verbal inhibition. 

The problem of differentiating what is 
perceptual and what is purely verbal in a 
perceptual-type experiment has been par- 
ticularly vexing to research workers in this 
area. One attempt at a solution to this 
problem has involved complete operational- 
ism, where perception is defined in terms of 
the experimental conditions and recognition 
as the association of a correct name with 
a given pattern. As Estes (1959) has 
pointed out, the difficulty with this opera- 
tional viewpoint “ is that, as always 
when one puts on blinkers, we would be in 
danger of failing entirely to see important 
aspects of the problem” (in press). How- 
ever, investigators like Murphy, Schafer, 
Proshansky, Pastore, Smith, Jackson, Hoch- 
berg, etc. have surely not been guilty of 
moving too far in the direction of opera- 
tionalism. In fact, some of their statements 
seem to indicate that a few have given per- 
ception or the “really”see” process a scien- 
tific reality independent of the observations 


which provide its anchoring. For example, 
in his argument that the experimental tasks 


of Proshansky and Murphy (1942) were 
judgmental and not perceptual in nature, 
Pastore (1949) states: 

In order to subsume the experiment under the 
category of perception, the authors must demon- 
strate that the visual experience of the subjects is 
actually changed; the rewarded lines must be actu- 
ally magnified in the visual experience of the sub- 
jects (p. 470). 

But all investigators, regardless of theo- 
retical persuasion, do evaluate perception 
experimentally by means of some recogni- 
tion response under specified conditions. To 
be sure, other observations are sometimes 
made and reported to provide anchoring for 
a position inferring perceptual and not 
purely verbal processes. Thus, in support 
of their viewpoint that the Ss “actually 
perceived” in accord with the training, 
Proshansky and Murphy (1942) point out 
that their Ss frequently complained of the 
difficulty of perceiving the stimuli, that the 
Ss displayed a good deal of interest in the 
stimuli, and that the Ss responded carefully 
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and not with undue haste. Similarly, in 
arguing for a genuine reorganization of the 
perceptual field on the part of their children, 
Solley and Sommer (1957) state that the 
Ss reported the reward-associated figure as 
phenomenally nearer and as having a dark 
line around it, producing contour emphasis. 
The fact of the matter is that so little is 
actually known about the perceptual process 
and its indicators that many of the discus- 
sions on the perception vs. naming problem 
are purely in the realm of polemics. Cur- 
rent theories on the factors involved in 
making differential responses to stimulus 
configurations are quite inadequate and 
desperately in need of clarifying data. All 
investigators involved in perceptual-type re- 
search are interested in the responses of S's 
under certain rather loosely defined condi- 
tions. And, from the viewpoint of emphasis 
received in the literature, surely the naming 
or identifying response is most important. 
With the development and maturation of a 
theory, perhaps other types of responses 
will be equally well investigated for differ- 
entiation among higher-order constructs, 
but the groundwork must be firmly laid in 
terms of the more basic data. The experi- 
ment of Neisser (1954) is illustrative of 
the process of gradual elaboration of a 
relatively narrow perceptual concept upon 
the base of a well-established core. After 
making a rough distinction between what 
an S sees and what he says, he attempts to 
show that familiarity with words facilitates 
“seeing rather than saying the words” in 
tachistoscopic presentations. Defining his 
concepts in a very restricted fashion, he 
demonstrated that prior experience with 
words lowered the tachistoscopic thresholds 
for these words but not their homonyms. 
The present research project has been 
concerned broadly with those factors in the 
process of learning differential responses 
to stimulus configurations which affect 
naming responses to ambiguous cue sets. 
In accord with most of the research in the 
area of perceptual processes, the test re- 
sponse variable studied was naming or iden- 
tifying. Thus, returning to the point of 
departure for this particular discussion, the 
question of whether the response or the 


perception is affected by reinforcement ap- 
plied during acquisition of the naming re- 
sponses is not particularly meaningful at 
this rather crude stage of perceptual theory. 

One surely gets the over-all impression 
from these results i toto of the greater 
significance of frequency of occurrence than 
of differential reward and punishment in 
influencing responses to ambiguous cues. 
The most extreme ratio of one test response 
to the other possible response was 21 to 5 
(see Table 19) in the case of the experi- 
ments on reward and punishment, but that 
order of ratio was obtained repeatedly in 
the frequency experiments when one learn- 
ing stimulus appeared four times as often 
as its testmate (see Tables 3, 7, and 17). 
Beyond that there are the precise predic- 
tions possible with learning frequency as 
the independent variable and the corre- 
spondence of results with the theorems of 
a well-formulated theory, advantages which 
do indeed seem to be a long way off in the 
case of reward and punishment. 


SUMMARY 


The over-all aim of this research was to 
investigate the effects of variations in the 
conditions of learning upon responses to am 
biguous stimuli. The learning consisted of 
trial blocks of figure-name pairs learned 
to a criterion by the method of paired asso- 
ciates. Test trials, in which the Ss were 
presented with cues common to previously 
learned figure groups, followed the learn- 
ing trials. The Ss were instructed to re- 
spond to the ambiguous cues with the one 
of the previously learned names which 
seemed most appropriate. 

The learning variable of interest in the 
first set of experiments was relative fre- 
quency of occurrence. Eight groups of Ss 
were run in five experiments. For seven of 
these groups the learning figures were com- 
posed of arbitrarily chosen cues and con- 
sequently meaningless. The learning figures 
for these groups contained common as well 
as differentiating stimuli, and the test stimuli 
consisted of only the common cues. For the 
remaining group the learning figures con- 
sisted of line profiles of human faces with 
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the lines continued to form semicircles. The 
profiles were constructed in pairs having 
common contours, and the test stimuli con- 
sisted: of these common contours in a full 
circle. 

Among the groups whose learning figures 
were completely meaningless, two groups 
were each shown a total of eight figures per 
block. For one group the figures occurred 
at equal frequencies per block, while for the 
other group the frequencies per block for 
the various figures were (2:1) : (4:1) 
(3:1:1:1) (where the parentheses show the 
frequencies of figures having common cues 
on a test trial). Three other groups in the 
category of those shown meaningless learn- 
ing figures were shown four figures, at fre- 
quencies, respectively, of (2:1) (4:1), 
(Ssh -1-1), and (3:22:1). 

The responses to the test stimuli were 
either consistent with the test cues, in the 
sense that the response names were of learn 
ing stimuli which contained these cues, or 
the responses were names of learning stim- 
uli having cues which conflicted with the 
test cues. A hypothesis stemming from a 
statistical model of visual recognition was 
supported by the finding that the relative 
frequencies among the responses consistent 
with the ambiguous testing cues tended to 
equal their relative frequencies of occur- 
rence during learning. However, there 
were two test stimuli for which this match- 
ing did not hold: the (2:1) test for the 
(2:1) : (4:1) : (3:1:1:1) group and the 
test for the (3:1:1:1) group. Hypotheses 
for these discrepancies were offered and 
deductions from them confirmed. Further, 
a second major hypothesis that the learning 
of discriminatory responses results in the 
ability to identify subsets of the learned 
cues was generally confirmed. Recency as 
an explanation for the frequency findings 
was ruled out. 

The remaining two of the seven groups 
shown nonsense learning figures were used 
to test the hypothesis that Ss learn to ig- 
nore selectively the nondiscriminative cues 
among the stimuli in a multiple discrimina- 
tion situation involving recognition re- 
sponses. Use was made of the finding that 
Ss tend to give recognition responses to 


test cues at the same relative frequencies as | 
the occurrence of these cues as components 
of various previously seen learning figures. ' 
The test analyses included the naming re- 
sponses of one group of Ss to a stimulus 
containing the cues common to all learning 
figures, as well as the naming responses of 
another group to stimuli containing both 
discriminative and common cues. Both 
groups were shown the same four learning 
figures equally frequently per block for the 
first three blocks, and then at respective 
frequencies of (2:1:4:1) per block through- 
out the remaining learning trials. 

Only those Ss who made no errors in the 
learning trials subsequent to the initial cri- | 
terion level were used in the test of the 
hypothesis of the selective use of cues. 
Among these Ss, those who were shown the 
test stimuli containing both common and 
discriminative cves responded with the 
names of figures at relative frequencies not | 
significantly different from the relative fre- 
quencies of occurrence of these figure- 
name pairs during the learning trials of 
differential frequency of presentation. How- 
ever, those Ss who were shown the test 
stimuli containing only common cues re- 
sponded with names at relative frequencies 
which differed significantly from those ex- 
pected if differential learning frequencies 
were matched, but did not differ signifi- 
cantly from the frequencies expected if the 
common cues were selectively ignored by 
the fourth learning block. 

The group which had the profiles as 
learning figures were shown four of 
them at frequencies of (2:1) : (4:1). The 
matching between relative frequencies of 
occurrence during learning and relative 
frequencies among test responses held for 
their first response but not for their sec- 
ond; lack of independence resulting from 
the particular nature of the stimuli was 
hypothesized. 

The learning variables of interest in the 
second set of experiments were reward and 
punishment. Four groups of Ss were run 
and four learning figures were shown to | 
each group. The learning figures were in 
pairs in the sense that reward or punish- 
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ment was associated with one member of 
a given pair and no reward or punishment 
with the other. Reward or punishment fol- 
lowed response. Two test stimuli, one for 
the cues common to the members of each 
pair, were shown to the Ss. 

One group received “Good” as reward, 
while the other three groups received elec- 
tric shock as punishment. These latter 


three groups differed principally in average 


intensity of shock. No significant differ- 
ence was found between the number of re- 
sponses which were previously rewarded by 
“Good” and the number not so rewarded. 
However, a tendency was found for Ss to 
give test responses which were not previ- 
ously shocked, at least in their first re- 
sponses. The difference was significant for 
one group (medium shock intensity) and 
in the given direction for the other two. 
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